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SUMMARY 
It is well known that the existence in one compound of 
two moieties, one of v^ hich has affinity for the solvent and the 
other of v>;hich is antipathetic to it, has been called amphipathyo 
This dual nature is responsible for the properties of micelliza-
tion, surface-activity and solubilizationo As a class, these 
substances which include soaps and detergents, have been called 
association colloids, a name indicating their tendency to 
associate in solution, forming particles of colloidal dimensions^ 
Due to their tendency to become adsorbed at interfaces, they are 
often called surface-active agents or colloidal surfactantSo 
Depending on the chemical structure of the hydrophobic portion, 
the surfactant may be classed as a cationic, anionic, nonionic or 
ampholytic (Zwitterionic), Generally higher fatty acids and 
alcohols are used for the preparation of surface-active agentso 
In dilute aqueous solution the behaviour of ionic amphiphilic 
substances, such as long chain quarternary ammonium halides, 
sulfates and carboxylic salts, parallel that of strong electro-
lytesc At higher surfactant concentrations; however, a pronounced 
deviation from ideal behaviour in dilute solution occurso This 
deviation generally being considerably larger than that exhibited 
by simple strong electrolytes. The well defined changes in the 
physical properties are attributable to the association of the 
; 2 ; 
amphiphiles forirang aggregates or micelleSo The concentration 
of the surfactant at which micelles begin to form is known as 
critical micelle concentration, CMCo 
Role of solvent structure leading to micelle formation 
in aqueous solution has been the subject of large number of 
investigations during the last two decadeso The micellization 
has aJso been observed in a variety of solvents whose polarity 
changes from completely polar to apolar and intermediate polarity. 
Water plays a most significant role in the process of micelle 
formation due to its well defined tetrahedrally co-ordinated 
structure. 
The first chapter of this thesis, 'General Introduction' 
is entirely based on the upto date literature survey relating to 
the work described in the preceeding chapters. A survey of the 
various phenomena exhibited by surfactants, for example, 
micellization, causes of micellization, factors affecting critical 
micelle formation and micelle size, theories of micellization, 
thermodynamics of micellization, micellar solubilization, micro-
emulsion formation have been reviewedo 
The term m.icellar solubilization implies to the forma-
tion of a thormodynamically stable isotropic solution of an 
organic substrate (the solubilizate), normally insoluble or 
slightly soluble in water solvent, by the addition of surfactant 
; 3 ; 
(the solubilizer)o The solubilization mechanism depends, largely 
upon many complex parameters, such as the nature of the solubili-
zate as v^/ell as that of solubilizer and the solvent, the presence 
of additional polar or nonpolar substrates and the temperatureo 
In chapter II,vthe effect of n~alkanols on the solubi-
lization of aminoazobenzene-beta-napthol (Sudan III) and ortho-
-toluene-azo-ortho-toluene-azo-beta-napthol (Sudan IV) dyes in 
anionic, SDS, cationic CTAB and nonionic, Triton X~100 micelles in 
aqueous medium has been studied spectrophotometrically. It has 
been found that the absorbance of dyeidoes not change appreciably 
below the critiQal micelle concentration but it increases at 
higher concentration of the surfactantoj The dye solubility in 
surfactant solutions (above CMC) was found comparable with the 
solubility in the hydrocarbon phaseo The increase in dye absorp-
tion above the CiViC and higher solubility in the nonaqueous 
solvents has been explained on the basis of the fact that 
micellar environment behaves, somewhat, akin to the non-aqueous 
phase. The linearity of the curves plotted between dye absorbance 
and surfactant concentration at higher surfactant concentration 
and the transparancy of the supernatant _solution clearly indicates 
that the solubilized systems are thermodynamically stableo Moles 
of surfactant solubilizing a mole of dye, NQ, have been calculated 
from the straight line portions of the curves. It has been found 
that NQ depend on the nature of the micelle; it is also found to 
« 4 t 
aepGtid t:^on ttie stx^ctturs o£ the %«# otoreased value o£ N^ i#itb 
i nc re^ad chain lefigth of added alcohols have hem es^ialxied in 
l i ^ h t o€ the part i t ioning of alcohol, a t the ideel iar water intact 
£ac^ liOwar value o£ standard £r@e meCf^ of a^XttbiliaatiQo 
suggest sinaUer h^cophohic effects in the soXubilisation 
procea&« h piaassJMe ej^lainatit^a to the nature of «olubiXi8er# 
so iuMi isa te and additive on the meehanifi® of solubUisation has 
b e ^ given* 
The interaction beti#»«R large organic cations and 
anions i s an iii£>ortant factor to he considered ^len applying 
phj^ieoehanioal principles to the desi^i of pharmaceuticais 
(tosage and drag availohiiity* 'i^e extensive use of ionic anietaem 
tante in pharwacy for aolnbillsaticai* preservation and stahiliaft* 
tiwi in the presence of other additives or dwgs of the opposite 
charge may rsault in several dssdraole o r isidesirsble intei!»» 
actions, l^eeently interactions bstween large Bionovalent organic 
ions and ionic surfactants of opposite dsarge were stndied in 
a<|&«ou8 medjUini as a model systete* Depending ^?on the nature of 
the anion and cation# ion«pair fonaation^ conplcseation* 
coaeervation and hindered precipitation can a l l be ascribed to 
sudti syst^iBs* 
In the third chapter, the interaction between thiamine 
hydrochloride, ThHCl (Vitamin B^ )^ and sodium salts of long chain 
alkyl sulfates, SAS, for example sodium octyl, decyl and dodecyl 
sulfates has been studied in aqueous solutiono Conductimetric 
titrations of thiamine hydrochloride with surfactants resulted 
three distinct regions? At low concentrations of both surfactant 
and thiamine hydrochloride, the conductivity of the mixture 
decreased with the total conductivity of individual reactants, 
which resulted region I. In this region it has been found that 
the association of vitamin B, cation, Th and alkyl sulfate 
anion As takes place and the equilibrium of the species (Th As ) 
occurs in homogeneous solution of ions. Region II appears at 
higher surfactant concentration, which has been interpreted as 
the formation of the complex (As~oTh ), which separates as an 
X y 
insoluble phase, which is in equilibrium with the free ions and 
ion-pair in the homogeneous phase. Addition of surfactant 
solution above critical micelle concentration resulted in the . 
dissolution of the complex forming a clear solution, region IIIo 
Region I and II where complexationj precipitation and 
separation occurs were of much interest and have been investigated 
in detail. Values of ion-pair association constants and their 
dependence on surfactant alkyl chain length were determined by a 
standard methodo A 1:1 solubility product, and its dependence on 
surfactant alkyl chain length was determinedo Standard free 
: 6 ; 
energy of ion-pair formation was determined for all the three 
surfactants in the region I. 
The last chapter of this thesis includes the studies 
on water-in-oil (V//0) microemulsions at different temperatures. 
The term microemulsion is generally applied to isotropic fluid 
phases which are emulsions in the sense that they contain 
significant amounts of both oil and water but differ from conven-
tional emulsions in that the drops or other aggregates they 
contain are smaller than about 1000A°. Phase equilibrium studies 
demonstrate that most microemulsions are thermodynamically stable 
although, presumably, metastable microemulsions exist as wello 
Microemulsions play an important role in achieving the ultralow 
interfacial tensions which are essential for the success of 
certain processess nov; being developed for enhanced recovery of 
oil from underground reserviorso In view of their vast applica-
tions in various fields, studies of formation and composition of 
such systems is considered most important. 
In this chapter W/0 microemulsions composed of ionic 
surfactant sodium dodecyl sulfate (SDS) and* cetyltrimethyl 
ammonium bromide (CTAB)-water-n-alkanes (Cc,-Cy)-n-alcohols(C^-Cg) 
have been studied at different temperatures* The effect of 
surfactant and cosurfactant chain length has been discussed on 
the formation of microemulsion systems. Visual appearance of a 
• 7 • 
typical microemulsion created by titration method showed that 
the microemulsion system passes from clear to bluish to turbid 
transitions with varying amounts of water. These changes have 
been observed on the basis of optical and specific resistance 
measurements and have been explained by assuming a change in 
the structure of water from water spheres to water cylinders to 
water lamellaeo The plots of moles of alcohol per mole of 
surfactant against moles of oil per mole of surfactant yield 
straight lines for aJJ. the systems. From slopes and intercepts 
of these curves, moles of alcohol at the interface, X"*" and moles 
of alcohol in tho continuous phase, X°, have been calculated. 
energy 
The standard free/of transfer of alcohol from the continuous 
phase to interface (AG ) has been calculated with the help of 
intercept, I and slope, Ko It have been observed that when the 
temperature was increased, there is hardly any change in the 
value^of K, while the I decrease considerably. The constancy 
in slope with temperature indicates that the solubility of 
alcohol in the continuous phase does not alter in this tempera-
ture range. The decreased values of I v/ith temperature suggest 
that there is an appreciable decrease in the number of moles of 
alcohol per mole of surfactant at the interface in all the oils. 
Critical n , /n .-, ratio, V^, values at which the microemulsions 
water oil ' c' 
remain stable have been obtained from relative viscosity ("n) 
versus n , /n •. plotso The plots between V values and gram 
water o i i. ^ 
: 8 : 
surfactant per 20 ml of oil resulted the straight lines. The 
number of moles of v;ater per mole of surfactant at the critical 
water/oil ratio, where the microemulsion is about to break, have 
been calculated from the slopes of these straight line plotso 
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INTRODUCTION 
The phenomena of modification of surface behaviour of 
the liquid by addition of foreign substances is of great 
importance. These foreign substances are generally derived from 
fatty acids or fatty alcohols, known as surface active agent or 
surfactant. Surfactants or surface active agents or detergents 
are amphiphilic compounds, which when dissolved in water form 
molecular aggregates of colloidal dimensions. Amphiphilic mole-
cules possess distinct regions of hydrophobic (water repelling) 
and hydrophliic (water attracting) character. Since the polarity 
of the distinct regions of these substance varies greatly, these 
substances have also been referred to as amphipathic, heteropolar 
or polar-non-polar molecules • The dual (hydrophobic and hydro-
philic) nature of the molecule is an essential condition for 
surface activity. The factor responsible for good surface 
activity, is the balance between lyophobic and lyophilic 
properties • 
Depehding upon the chemical structure of the hydro-
philic nK)iety bound to the hydrophobic portion, the surfactant 
may be clsssified as cationic, anionic, non-ionic and zwitter-
ionics. Naturally occurring amphiphiles include simple lipids 
(e»g* carboxylic acid esters), complex lipids (e.g. fatty esters 
containing phosphorous, nitrogen bases or sugars) and the bile 
acids such as cholic and deoxycholic acids . 
3 
Micelle/Critical Micelle Concentration 
The most characteristic and thoroughly studied property] 
of a surfactant solution is the self association of the solute 
molecules to form an aggregate , known as *micelle*. A 
micelle has an average radius of 12-13 A° and contains 20-100 
monomers or more. If the physical properties such as interfacial 
tension, electrical conductivity, pH, density specific heat, flow 
16 
property such as the viscosity and the optical and spectroscopic 
properties are plotted against the concentration of surfactants 
there is a change in the slope of the plot» The concentration 
corresponding to the change in slope Is known as the * critical 
17 18 
micelle concentration* * or *CMC% However, it is observed 
that this change occurs over a narrow range of concentration 
rather than a precise point and the magnitude of this range 
depends somewhat on the physical property being measured (fig. I)* 
Surfactant molecules can be considered as building 
blocks of micelles* It is possible to obtain various type of 
structures of surfactant molecules by simply increasing the 
concentration of surfactant in water^. The spherical or normal 
micelles foirmed near the CMC becomes cylinderical one which may 
be converted into a hexagonal packing of surfactant cylinders to 
lamellar structures by increasing the concentration of surfactants. 
Further increase in surfactant concentration leads to the 
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Fig. 1 Change in physical property as 
a function of sur foctant concen 
t rat ion , CQ . 
conversion of lamellar structure to hexagonal packing of water 
cylinders. Addition of oil and short chain length alcohol, lead 
such water cylinders to be converted into water-in*oil micro-
emulsion (figure 2). Further, it is possible to induce a transi-
tion from one structure to another by changing the physico«-
chemical conditions such as temperature, pH or by addition of 
mono or divalent cation in the surfactant solution. 
The phenomenon of micelle formation in non-aqueous 
90 21 
solvents has been the subject of recent studies • # In non-
polar solvents the micellar structures'are generally the inverse 
of those fojnned in water. Such micelles could be formed in 
presence of traces of water which forms a water pool in the 
interior of the micellar aggregate. The micelle thus formed is 
called a reversed or inverted micelle. The polar head group 
form the interior of micelle while the hydrophobic hydrocarbon 
moieties of the surfactant are in contact with the apolar 
22«»30 
solvents • The structure of normal and inverted micelles are 
shown in figure 3. The formation of a micelle from more than one 
chemical species gives rise to 'mixed micelles*. In the ordinary 
case binary or ternary mixtures of surfactants, similar but not 
of identical chain length may be studied and the thermodynamics 
31 32 
of this type of mixed micelles formation has been described * . 
Surfactant solutions above the CMC have been studied in terms of 
electrical conductivities and dielectric constants, which 
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5 
attributed to the fact that the surface charge densities of 
counterions of mixed micelles decreases with increasing mixed 
miceliar size * • Recently a *mass-action model of mixed 
miceilization^ has been given, which is preferred over the 
simpler pseudophase separation model for micelle aggregation 
35 
number less than 50 . A generalized multicomponent non-ideal 
mixed micelle model based on the pseudophase separation, which 
presents the non-ideality due to interactions between different 
surfactant components in the mixed micelle has been treated via 
a regular solution approximation"^ •^^» • 
Many studies ' have been done to establish the 
structure of micelles of non-ionic surfactant in aqueous and 
non-aqueous medium. By NMR technique , it has been shown that 
non-ionic surfactants may form disc like micelles in aqueous 
solution and in non-polar (non-aqueous) solvents it forms 
•so 
reversed micelles. But in another study , using X-ray 
technique, it has been found that there may be two types of 
micelles and the results are explained by either of two possible 
modelst (1) micelles are spherical in shape polydisperse in mass 
and (2) micelles are oblate ellipsoid of revolution and mono-
disperse* 
9 
FACTORS AFFECTING CRITIGAL MICELLE CONCENTRATION AND MICELLE SIZE 
Hydrocarbon Chain Length and Structure 
Critical micelle concentration depends upon the length 
of the hydrocarbon chain. Generally, the CMC decreases as the 
hydrocarbon chain length increases. For the same head group, 
conpounds containing larger hydrocarbon chains form micelle at 
lower concentration than those containing shorter ones. For a 
homologous series of surfactants, the CMC is related to the 
nuiriber of carbon atoms (ra) for a homologous series of the 
straight chain hydrocarbon compounds by 
log CMC a A*Bjjj •., (1) 
where A and B are constants . 
Additives 
Addition of salts results in the decrease of CMC of 
ionic surfactant ^ , presumably because the screening action of 
simpler electrolytes lowers the repulsive forces between the polar 
head groups and less electrical work is required in micelle forma-
45 
tion. The micelle size increases with increasing salt concentra-
tion due to the reduction in electrical repulsion affecting the 
balance of forces upon vs^ ich the size of the micelle depends while 
the effective charge on the micelle increases with salt concentra-
10 
tioft* For .nsii-ionic detergents aiso.the additis^,#fsaJ.ts slightly 
decrease the CMC^^"^^ and further increased at the higher salt 
concentration. The effect of salts may be due to a reduction in 
the hydration of monomers which increases their hydrophobicity 
and consequently their tendency to raicellize. 
Addition of some non-electrolytes like urea and dioxane 
into the aqueous surfactant solution of ionic and non-ionic 
40—51 
detergents has been shown to increase the CMC • Urea is 
generally believed to break the structure of water and to 
decrease the structuring around the hydrocarbon chains, hence 
reducing the deriving forces for micelllzation. The effect of 
alcohols of varying chain length on the CMC*s of a series of 
ionic surfactants have been measured ^^w^ ^^ ^^^ j^ ^^ j^  found 
that the lower alcohols (Cj^-Cg) affect the water structure and 
hydration and increase the CMC. Other linear chain alcohols 
(Cg-C-) when present in very small concentration decrease the 
CMC. The CMC is reported to increase when the concentration of 
59 
alcohols exceeds a certain value . 
T©nperature and Pressure 
The CMC at first sight is expected to increase as the 
temperature increases. Thermal agitation due to rise in tempera-
ture causes a decrease in adhesion between monomers thus shifting 
11 
the equilibrium in favour of raonoraeric species. This is probably 
true for ionized detergents at higher ten?>eratures. At lower 
65 tenperatures the CMC decreases with increasing temperature » due 
to desolvation of parts of the monomer which make it more hydro-
phobic. For non-ionic surfactants, the CMC decrease with tempe-
4ft fift 
rature upto an optimum value * , including that dissolution 
effects on both hydrocarbon and polyoxyethylene chains of mono-
mers may be so large that they out weigh possible effects of 
thermal agitation in breaking up the micelle. 
The micelle size (aggregation number) of ionic deter-
gents decreases with temperature * and an effect again due to 
theiroal agitation. Micelles of non-ionic detergents increase 
68—71 
rapidly in size with an increase in temperature which may 
be due partially to the increased monomer hydrophobicity and 
partially to geometric considerations based on different configu-
rations of polyoxyethylene chains at different temperatures 
affecting the mode of packing of the monomers in the micelle. 
The CMC has been found to increase upto a pressure of 
72-74 
1,0CX) atmospheres and decrease with further increase of pressure. 
It has been concluded that the soap molecules when present in the 
micelle are in a more expanded condition than when present as the 
monomer in solution so that the initial effects of pressure tend 
to congress the micelle and mitigate against the increased 
freedom of monomer in the micelle* thus giving rise in the CMC# 
The decrease in CMC on increasing pressure above 1,000 atmos-
pheres has been explained due to an increase in the dielectric 
constant of water, making less electrical work necessary to bring 
a monomer into a micelle* 
Theories of Micellization 
• ••" I lui III i m n » « — x o i i r i . Will mi l • • i w m 
The process of micellization has been explained on the 
basis of various theories* According to pseudophase theory, 
micelle is treated as a separate but soluble phase, which bigins 
to foanii at CMC* Hence the CMC is considered as the saturation 
concentration for monomers and activity of the monomers should 
not increase above it ' * Another approach, knoivn as law of 
mass action approach, deals the process of micellization as an 
equilibrium between monomers and micelles# the activity is 
35 
considered to Increase above the CMC . The third approach, 
described as a critical phenomenon is based on classical thermo«» 
77 dynamic nucleation theory • According to this approach the 
micelles are described as nmall oil droplets which have to 
surpass a critical size in order to have micellization* The 
driving force is the 'supersaturatlon* of hydrocarbon chain in 
aqueous solution, i.e. the hydrophobic forces. Real phase 
separation is prevented, however because of the accumulation of 
head groups on the micellar surface* This accumulation leads 
13 
eventually to zero or -ve interfacial tension and dissolution 
of the micelles by Brownian motion. 
For non-ionic detergents the equilibrium between mono-
mers and micelles can be written as 
n (monomers) "; ' '^  micelle ••• (2) 
K = C^.yc" ... (3) 
mic men 
where K is the equilibrium constant and activities have been 
replaced by concentrationSf on the other hand for ionized deter-
gents the equilibrium can be written as 
n {long chain monomer ions) + (n-p) counter ion "' ' •' '•'^  micelle (4) 
V micelle /tt\ 
^"Tn Jn-^p) ••• ^^^ 
mon; c 
where C_ is the concentration of counter ions, p of which are 
not bound to micelle, e»g. the degree of ionization of micelle, 
a S3 p/n. Using an arbitrary value, K s 1 the concentrations of 
various species could be calculated for micellar aggregation 
number of 10 and 100 for non-ionic detergents »'^. At lower 
aggregation nuirfjer, there is an increase of a monomer concentra-
tion about the CMC from the mass-action treatment and non from 
pseudophase one# The pseudophase approach has been based on the 
observation that the monomer concentration above the CiC remains 
14 
constant, which was confirmed by the constancy of surface tension 
above the CMC^°»^^. 
Thermodynamics of Micellization 
The process of micellization involves the reversible 
self association of N-^onomeric into micelle (M), for all values 
of monomers (m) from 2 to <e* Considering the amphiphlle solution 
not subject to thermodynamic non-ideality from interactions other 
than self association so that the equilibrium is written as 
\ - = : i M ..* (6) 
The equilibrium constant of this process iu given by 
N K Cjy/(Cg^) ••• i'^) 
where C^ and C., are the concentrations of monomers and micelle, 
m M 
82 
respectively. Concentrations can be used instead of activities , 
therefore at equilibrium we have 
N j ^ « Pjyj ... (8) 
where jiL^  and pjj^ are the chemical potentials of monomers and 
micelles which may be represented as 
15 
'^ m ** *^ "*" ^^ ^^ % (monomei?) •.• (9) 
|4jj « 1^ + RT In Cj^ (micelle) #,. (10) 
where |C and p ^ are the standard ch@nical potentials of monomers 
and micelles, respectively. 
From these relations the standard free energy of 
A G** * RT In Cgj-RT/N In C^ ^ *.# (11) 
« RT In Cjjj + RT/N InN-RT/Nln C^ ^ •.. (12) 
where C^ « NCjyj* 
The standard free energy of mlcelllzations A G " ie the 
overall free energy charge which involves free energy contribu-
tion due to the transfer of hydrophobic part of an anphiphile 
molecule from the aqueous medium to the micellej electrostatic 
Interaction ener|y# and the interaction of micelle with the 
) o** go n 
solvent component * t Based on these facts AG can be written 
g^83,84,86-91 
A G ° « AC| + A G ^ 4 AG^ ,.. (13) 
Where AG% (which will be negative) is the free energy 
change associated with the transfer of the hydrophobic part of 
16 
the arrphiphile molecule from the aqueous medium to micelle 
interior of aggregation numbert N» /^G° (which will be positive) 
is the free energy change related to the hydration of the polar 
groups at the micelle-water^ interface. In the case of non-Ionic 
micelles the terra ^ G^ will be absent^ while in the case of ionic 
' • e 
micelle the opposing forces will be due to A G ^ + AG^. These 
opposing forces are responsible for the micelle having a definite 
size and have been reported to originate from the hydrophobic 
forces^ • 
In dilute solutions and when the aggregation numbers 
exceed 20-30 the free energy of micellization, A G ^ can be 
represented by the equation. 
AG® ^^^ -RT In CMC .•. (14) 
The heat of micellization, A l ^ , can be calculated 
from the temperature dependence of the CMC from the following 
relation. 
AHg«^RT^[ ^ y ^ 3 ..• (15) 
The heat of micellization can also be obtained by 
direct coloriraetry. Consequently the entropy of micellization, 
A s f , can be obtained from the relationi m 
1? 
Mlceliar Soltiblilzation 
The terra mlceliar solubilization implies to the forma-
tion of a thermodynamically stable isotropic solution of an 
organic substrate (the solubilizate)t normaly insoluble or 
slightly soluble In water solvent, by the addition of surfactant 
(the solubilizer)• Indeed, detergents have been utilized in 
92-97 
several fields to enhance the solubility of organic compounds • 
Solubilization is, of course closely related to micellization 
since little or no solubility increase is observed until the CMC 
of the surfactant is reached, but once micelles are fully formed, 
the increase of solubility of the surfactant Is directly 
proportional to the concentration of the surfactant over a large 
range. The observation of solubility changes as a function of 
surfactant concentration has, in fact, led to the determination 
of numerous CMC values'^ •'^ . The saturation concentration of 
the solubilizate, which maintains a single isotropic solution, 
is termed as maximum additive concentration (MAC) • The deter-
mination of the MAC relies on the same basic, physical and 
chemical measurements which are used for the determination of 
100 
solubility in general # 
Id 
The solubiliEation mechanism depends, largely upon many 
101 
complex parameters > such as the nature of the solubilizate as 
well as that of aolubilizer (Figure 4) and the solvent, the 
presence of additional polar ot non-poXaT substrates and the 
temperature. Added electrolytes and non-electrolytes have been 
found to influence solublllzetionlO^-lO^. According to polar 
mechanism, solubilization occurs through the formation of mixed 
micelles or probably due to adsorption of solubilizate molecules 
104 
on the surface of the surfactant micelle • 
Emulsions and Microenulsions 
Emulsion 
An emulsion is a heterogeneous systemt consisting of at 
least one immiscible liquid intimately dispersed in another in 
the form of droplets, whose diameter in general, exceeds 0.1 \x. 
Such systems possess a minimal stability, which may be accentu-
ated by such additions as surface active agents, finely devided 
solids etc. 
Micro^ulsion 
Mici-oemulsions are therraodynamicaliy stable dispersions 
of two inwiscible liquids. Besides oil and water, microemulsion 
system consists of a surfactant and usually also co-surfactant 
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(medium chain length alcohol). In the formation of micro^mil'* 
sions, the co-»surfactant can play an important role. Generally, 
microemulsions are defined as the aggregates (spherical, 
iameallar etc.) of oil or water dispersed in other liquids and 
stabilised by an interfaciai film of one OT more surfactants. The 
droplet diameter in microemulsions range lOO-lOOO A°* Penetera-
tion of the interfaciai film with oil as well as the interaction 
of water with the polar groups are essential for the formation of 
a microemulsion. The structure of microemulsions consists of 
closed packed spheres of water-in-oil (w/o) or oil-ln**water (o/w)*' 
The gap betvsnsen the surface of adjacent droplets is smaller as 
conpared to diameter of the droplets. The structure and length 
of alcohol can influence the phase continuity of microemulsions. 
The shorter chain length alcohols (Cg to C^) tend to make water 
external microemulsion, whereas the higher chain length alcohol 
(Cg to C^Q) tend to form an oil-external microemulsion. The 
structure of oil also influences the phase continuity in the 
mi croemulsion s• 
The term microemulsion is somewhat misleading, since 
the only comnwn to macro and microemulsions is the fact that 
both are dispersions of one phase into the other. However, a 
macroemulsion is a thermodynamically unstable system which after 
a lapse of time^ will separate into separate phases, an oil 
solution or pure oil and an aqueous solution or pure water. 
21 
Mlcroemulslons, on the other hand, are thexmodynaniically and 
transparent ©table and will not separate into different phases 
under normal conditions• 
105 
Schulman referred to a raicroemulsion as a emulsion 
106,107 
of special properties. This idea has been reiterated by Prince 
and other^O^^^. It is true that raicroemuisions can be consi-
dered as swollen micelles • However, all micellar solutions 
can not be swollen to the extent of microemulsion unless the 
specific structural requirements and conditions are satisfied. 
Other workers consider microemulsions as solubilized system or 
111 
micellar solutions. Osipow in his discussion on transparent 
emulsions claims that 'there is no valid method to distinguish 
between microemulsions and solubilized systems*• A clear 
distinction between solubilization and emulsification was given 
by Mc Bain and 0* Conner •' They showed that in the case of 
hydrocarbons solubilized in a soap solution, the vapour pressure 
of the solubilized material is lower than that in the bulk phase, 
such solutions are thermodynamically stable and their properties 
are solely dependent upon temperature, composition and pressure. 
In an eanulsion, however, the vapour pressure of the droplet is 
actually higher than the vapour pressure of the bulk • 
The most commonly used method for the preparation of 
microemulsion using ionic emulsifiers, has been the titration of 
the coarse emulsion of oil, water and soap with an alcohol. It 
26 
was not necessary to add the component in any particular order, 
nor vigrous shaking essential during the course of preparing a 
microemulsion. This mechanism shows that the phases are in 
118 
equilibriuni «ith each other . One can imagine the alcohol 
molecules being distributed between the three phases, viz. oil, 
interface and water whereas soap molecule is completely in the 
interface. It is possible to make this assumption, since the 
concentration of soap used are so high that the remaining of it 
present in water is in micellar form* 
inspite of above group of microemulsion there are 
several other groups namely detergent or soapless, waterless^ 
and microemulsion prepared by emulsifiers other than soaps or 
detergents* There is a group of ternary solutions that has also 
labelled as microemulsions* These systems are prepared from 
water, hydrocarbon and 2*'propanol but do not require the addition 
of a * classical* surfactant in order to bring about a stable 
dispersion"^ Ultracentrlfugation data. ^H and ^^c m m spectro-
scopy and light-scattering measurements have tended to support 
the designation of these ternary solutions as microemulsions • 
Detergentless microemulsions possess tremendous potential 
as media for chemical reactions. As with the surfactant-
containing systems they have the ability to dissolve both hydro-
phobic and hydrophilic reagents, possess enormous interphase area, 
can be prepared from inexpensive solvents and in contrast to the 
23 
surfactant-containing systems require no long»chain an^hiphile, 
which is difficult to remove in the product purification. 
Non-aqueous microemulsion has been also reported to 
too 
to form from ethylene glycol-lecithin-decane system. Turbidity 
measurements indicated that initial particle size in this type of 
microemulsion particle size ranges between 1000 to 1500 A^ and 
phase separation in this type of microemulsion occurred after 
10-28 daySf It is observed that v^en the concentration of 
lecithin and glycol • ' ^ increased, the stability of 
microemulsion increased. 
Block copolymers are also used as stabilizing agents 
of colloidal diapersions^^^'. Emulsions have been studied in 
greater detail and studies report that block copolymers^under-
certain circumstances may acts as efficient emulslfiers for oll-
ro6».ioQ 130 131 
water and oil-oil * macroemulsion and oil-water 
132 l33 
microemulsion8 ' . Polymeric oil-oil and water-water 
emulsionP'^'^^'* have been obtained using block copolymers which 
are difficult to get with the conventional surfactants. 
24 
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CHAPTER - II 
EFFECT OF n-^LKAMQLS ON THE SOLUBILIZATION OF SUDAN III AND 
SUDAN IV IN AQUEOUS IONIC AND N^K^IC MICELLES 
IHTRODUCTION 
Before the advent of surface-active agents on an 
industrial scale, water insoluble drugs were brought into solu-
tion in a two component solvent system or a heterotropic agent. 
With the large-scale introduction of surfactants and discovery 
of the phenomenon of micellar solubilization, the pharmaceutical 
applications soon became widespread. Water insoluble bacteri-
cides^ vitamins, steroids, essential oils, antibiotics, and 
analgesics and barbiturates have been formulated In micellar 
systems, thus facilitating their use in medicine, since the 
subject of solubilization in pharmacy has been dealt with in a 
1 2 
number of comprehensive reviews * • Steroid harmone and some of 
the vitamins (like A and D) which are insoluble or have extremely 
low aqueous solubility are solubilized in micellar solution. 
Surfactant solutions are known to increase the solubility of 
normally slightly soluble organic compounds • 
Surfactant molecules form micellar aggregates above a 
certain concentration, known as critical micellar concentration 
(CMC). The phenomenon of solubilization, which occurs only above 
the CMC, can be explained in different ways, depending on the 
nature of the surfactant and of the solubilizate. Among the ways 
of Incorporating the solubilizate into the micelles aret 
(a) adsorption on the surface of the micelle, (b) deep penetra-
36 
tion of the palisade layer and (c) dissolution in the hydrocarbon 
Core ** • It has been shown that the forces leading to existence 
of surfactants in micellar form above the CMC and of proteins in 
in globular form are of the same nature. The structural changes 
occurring in v^ ater in introduction of non-polar molecules lead to 
association of non-polar regions of the molecules, and gain of 
free energy due to increase of entropy of the system is thereby 
achieved. The combination of the accoc^anying interactions is 
described as hydrophobic bonding. As the result of hydrophobic 
interactions in surfactants and bile salts in micellar form, in 
phospholips in vesicale form, in globular proteins, non-^olar 
regions are produced, and their presence raises the solubility of 
non-polar material in aqueous solution of these organized media 
and globular proteins. 
Recent researches on micellar solubilization have 
attracted attention to locate solubilizates within micelles in 
17—10 
aqueous solutions by spectroscopic techniques . The conclu-
sion drawn from such studies is that the additive, v>/hen present 
in very low concentration, is present in the surface region of 
the micelle. The solubilization sites which an additive acquires 
in a micelle greatly depend upon the nature of the additive, its 
concentration and the micelle type. For example in a recent 
study^ , it has been found that cyclohexane is solubilized with 
the core of the sodiumoctyl sulphate mlcellesi pyridine-2-azo"-p-
37 
dlmethylanilinei in the mlcellar surfacei benzene, in the surface 
17 
for concentrations less than a molecule of benzene per micelle , 
then in micellar core at higher concentrations . p-Xylene is 
reported to be solubilized in the palisade layer for concentra-
tions less than one or two molecules of p-ssylene per micelle, 
then in the core. Toluene is found to occupy all the three sites, 
palisade, surface, and core, in that order with increasing toluene 
concentration* 
The penetration of solubilizates into the micelles is 
reported to be accelerated by a nureber of additives. For example, 
22 Takeda et al. measured the penetrating effect of a pinacyanol 
chloride in SDS micelles and noticed that the complex containing 
of a dye and a surfactant formed prior to the penetration, 
23 
Eobinson et al. found that the pH and the nature and concentra-
tion of the counter ion affected largely on the penetration of 
several dyes Into SDS micelle *^ .^ In a recent study^^, it was 
found that the nuntf>er of dye molecules penetrated into a single 
26 27 
cationic micelle governed the dye penetration *^. This means 
that dye interact with surfactant monomers even below the CMC to 
form a small complex which distributed between the aqueous and 
the micellar phases above CMC^ « Similar observations have also 
been reported for several other solubilizates and hydrocarbons 
which show increased solubility below the CMC. Which was attri-
buted to formation of surfactant pre-association groups (dimer, 
triraers etc.) , capable of bonding non-polar substances • 
3S 
Additions of both the alcohol and salt in surfactant 
solutions are expected to be based on the variation of some 
coninon property of the mic6lle# Therefore, the penetration of 
the additive into the micelle must be governed by the surface 
area occupied by a micellar surfactant (steric effect), and its 
surface potential (electrostatic effect) • The steric effect 
was found of little significance in the solubilization because 
both salt and alcohol addition accelerate the rate of penetration 
of additives inspite of the fact that the salt tightens the 
30 31 32 
micellar surface * , whereas the alcohols losen it . In 
conclusion it could be enphasized that the surface potential 
reduction is an in?)ortant factor which gives rise to solubility 
17 
accelerating effect* • 
Solubilization of hydrocarbons in surfactants solutions 
has been studied from several view points. Firstly, solubiliza-
tion studies in aqueous surfactant solutions have been studied 
mainly '^ •''^ , to form certain oil in water microemulsions, and 
the general relationships of the process have been established 
for the most part. Secondly because most of the biological 
reactions proceed via solubilization of hydrocarbons leading to 
emulsification, and then the process of microbiological oxidation 
of hydrocarbons begins by microorganisms in presence of proteins. 
Protein substances deffering in chemical nature from soaps, have 
a conmon property with soaps in connection with the symmetry of 
33 
the structure of the macromolecules* As was established by 
05 Oil 
Talmud and then confirmed by other authors , proteins manifest 
solubilizing action, solubilization of water in hydrocarbon solu-
tions of surfactants is a widespread phenomenon of scientific and 
practical significance to dewatering of petroleum, stabilization 
of lubricants and other branches of industry. For most of the 
processes, solubilization of hydrocarbons in aqueous soap solu-
37 ^ 8 tions is regarded as entroplc in nature • • 
As has been emphasised previously, the solubilization 
of hydrocarbons also depends upon the nature of the solubilizer 
coupled with other factors. For exanple, the solubilization of 
hydrocarbon in aqueous solution of fatty acid soaps 
is Influenced by the hydrocarbon chain length,the type of 
counter ions, the nature of the solubilizate, ten?)erature, 
additives etc^^ * the Kraft point also increases with the 
hydrocarbon chain length. The Kraft point of a-branched fatty 
22 
soaps are lower than those of straight chain compound . Thus, 
a-^branched fat ty acid soaps may be able to solubil ize a large 
amount of o i l at low temperature. The branching of alkyl chain 
length and the position of "COONa groups also has tremendous 
influence on solubil izat ion. Another Important factor in solu-
bi l iza t ion i s the hydrophilic-lyophillic balance (HLB), This 
property could be maintained in two ways to achieve maximum 
solubilizing power of a surfactant. F i r s t l y , by selecting a 
u 
surfactant and cosurfactant whose HLB»s are not too fax from 
39 
optlnwrn HLB required by the system $ secondly by adding electro-
lytes so that the polarity of micelle and the solubillzate becomes 
nearly the same. The point of maximum solubilization is reatJhed 
only when the hydrophllic^lipophil© property of surfactant Is well 
balanced • 
When the temperature increases, the solution of non-
ionic surfactants become turbid at a specific temperature> which 
is called cloud temperature or cloud point* This turbidity Is due 
to the reorganization of micelles, their growth and breaking, 
related to the hydration of the oxyethylene chains, leading to 
tho formation of a separate phase"^. It ie observed^^ that the 
dehydration of the hydrophobic chains leads to the lowering of 
cloud point* An effect similar to teiiq>erature could be antici-
pated when solubilizate molecules are incorporated in the aqueous 
phase of the micelle leading to dehydration of the hydrophilic 
43 
chain resulting the solution turbid, Kuriyama has suggested 
that increase in micellar weight with increasing temperature is 
a dominant factor for the cloud formation* However, solubiliza-
tion in non-ionic micelles depends upon various physico-chemical 
factors both of the surfactants and the solubilizate. For 
example, Nemethy, and Ray reported that phenol molecules are 
located in a polar environment of non-ionic surfactant micelle 
15 
and/or are hydrogen bonded. Mulley and Metcalf described that 
41 
chloroxyphen©! is hydrogen-bonded 5.n poly(oxyethylene)dodecyl 
ether micelle. Therefore, the hydrogen bond between the phenolic 
hydrogen of alkyl esters and the ©theric oxygen of C^o^S ®®^ 
occupy an important position in the specific interactions* This 
interaction was further varified from the calculation of inter-
45 
change energy calculated on the basis of regular solution theory. 
In a recent investigation, on the solubilization of allcyl-p« 
hydroxybenzoates in non-ionic micelle. Goto et al. showed that 
the solubilized esters form mixed micelle and are located in the 
area spreading from the Inside of the hydrocarbon core to the 
poly(oxyethyiene)mentle of micelle* It has also been reported 
that the mixed micelles become thernK>dynamically stable by 
enlarging its size and the change in raicellar structure is due 
mainly to the specific interactions namely hydrogen bonding 
between the ester and the surfactant in mixed micelle. Increasing 
the hydrocarbon chain-length of the solubilized ester depresses 
the cloud point of the surfactant which is related with the 
increase in micelle size due to specific interactions favouring 
the retention of the ester in the oxyethylene region and the 
structured water supported by the ester in this environment^ . 
Due to very complex nature of solubilization in 
surfactant solutions associated v;ith the interaction between 
solubilizate and different part of the surfactant chains, the 
relationship established are often emperical and little is known 
42 
about the type and strength of these interactions. The important 
parameters on which these interactions depend are the type of 
49 4 50 51 
surfactant % and soiubilizate * the temperature § the presence 
52 
of additive among others. 
Depejiding upon the nature of the solubiiizatet solubi-
lization of polar and non-polar substances increases with increase 
in the hydrocarbon portion of surfactant^S.^^ Evidently, in the 
former case an increase in the length of the ethylene oxide chain 
brings with it a growth in the outer volume of the envelope of 
30 
micelle capable of dissolving solubilizates of like types while 
in the latter case the Increased solubilization is due to 
increased hydrocarbon environment in the micelle* 
Micellar systems can provide environment> in which 
molecules can undergo reactions, quite different from those of 
sinple aqueous systems. Reactions between ions in solution are 
especially influenced by the presence of ionic detergents both 
above and below their CMC, Micellar systems are increasingly 
being utilized as reaction media. By carefully selecting a 
proper micelle# a reaction can be controlled to a desired rate. 
In many instances the products and stereochssistry are also 
affected. Micelles can provide different microenvironments for 
different part of the reactant molecule. This is because there 
is a non-polari hydrophobic core that can provide binding energy 
43 
for similar groups on the reactant, thus solubilize It, and a 
polart usually charged, outer shell that can interact with the 
reactants polar groups^ Hence, based on electrostatic considera-
tions it is possible to predict qualitatively the kinetic effects 
or reactions in micelle. For exanplet hydrophobic substrates 
{solubilized) and counterions are attracted to the micelles so 
that a cationic micelle should assist the reaction between a 
neutral molecule and anionic nucleophile while anionic micelles 
55«.59 
will inhibit such reactions • Practical applications of 
60 
mlcellar systems have been reviewed • Micellar solubilization 
plays a central role in many analytical applications of such 
systems to shift the position of an equilibrium reaction to the 
desired side , enhance the chemiluraenescenc© • and 
fluorescence"-** intensity, allow for room te.>p6rature liquid 
phosphorescence among others. 
It is well establish that the rate of polymerization is 
enhanced in micellar systems by solubilizing the reactant monomer 
and the polymerization then takes place in the micelles after 
entry of initiator. The rate of polymerization Is proportional 
to the concentration of solubilizer, and the number of polymer 
particles foiroed in any one soap system is a linear function of 
68 the number of micelles present in initial system • Recently the 
applications of micellar solubilization leading to emulsion 
6g 
polymerization have been reviewed . 
44 
Detergents of different constitution differ in their 
modes of detergent action. Commercial preparations contain so 
caXIed •builder* added to modify the properties of the detergentj 
these influence the solubilizlng pov/er of the pure surfactant. 
Some worker have correlated high solubilizing power with good 
detergency t and Indeed solubilization must be a major factor 
where liquid soils are concerned^ it is v/ell known that detergenci 
increases at the CMC» 
Surfactant find their widest applications in the dyeing 
process as levelling agents, that ls» as additives employed to 
render an article evenly dyed. The fact that many dye stuffs 
have very low solubility in water, addition of surfactants or 
organic solvents make th^u useful for many technological 
processes. It has been reported that the rate of diffusion 
(transport of dye) increases in the presence of surfactant 
(usually above the CMC) and so does their rate of fixation*^^*'^^. 
The solubilization of different t^ r^pes of oleophilic 
substances in aqueous solutions is observed in many technological 
and biological processes, including the use of surfactants as 
reagents and collectors in the flotation enrichment of minerals* 
The presence of solubilizlng additives results in an increase in 
the collecting activity of aliphatic amines used in flotation of 
73 potash salts * 
to ^ 
Knowledge of mechanism and thezmodytiamics of the solu-
bilization process ot dyes in presence of einple molecules such 
as alcohol would be of great interest in the study of micellar 
structure* Besides it will be very helpful in understanding the 
mechanism of solubilization of more complex biological systems in 
lipid phase # In spite of the great in^ortance of this subjectt 
few thermodynamic studies are available in the literature owing 
to the fact that their determination by solubility data as a 
function of the ten?)erature vrauld involve the questionable 
hypothesis that the shape, the size and the aggregation number of 
the micelles are unaffected by temperature. 
A survey of literature on micellar solubilization 
clearly indicates that study of the phenomenon in various appli-
cation oriented areas is varied and in^ortant» The present study 
on the solubilization of Sudan III and IV in micellar systems was 
pron^ted due to their recently reported effects i i preventing 
hydrocarbon induced luckemla in the rats ^ and they were also 
reported non-»carcinogenic when administered in small amounts. 
These azo dyes were found highly effective in preventing damage 
from carcinogenic polynuclear aromatic hydrocarbons. Polynuclear 
aromatic hydrocarbon, being Insoluble or slightly soluble in 
water, are solubilized in the body fluids (generally bile salts, 
proteins and lipids) and then transported. In fact our basic 
aim in initiating this work was two fold. First to study the 
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mechanism of solubilization of these dyes in aqueous micellar 
systems of atieast different charge type in absence and presence 
of additive^. Secondly it was proposed to make a conpetltive 
study of raicellar solubilization in presence of carcinogenic 
polynucXear aromatic hydrocarbon* PAH, and then to see how these 
dyes, replace/or reduce the solubility of PAH In micellar systems. 
Unfortunately the second aim is defeated due some reasons beyond 
our controll* It was therefore, proposed to carry out a systema-
tic study of solubilization of the tvjo dyes in three types of 
aqueous micellar systems (anionic, cationic and non-ionic). The 
surfactants thus chosen were anionic, SDS, cationic, CTAB and 
non-ionic, Triton X-100. In order to get insite into the 
mechanism of solubilization of Sudan III and IV in the micellar 
phasef the effect of alcohols of varying chain length was studied 
because of their unique role in the micellar systems. It is 
reported that lower alcohols when added in small amounts alter 
the water structure, while the higher one are partitioned into 
the micelle interior, thus influencing the solubilization 
mechanism. In order to give further support to the mechanism of 
solubilization, thermodynamic parameters, such as standard free 
energy of solubilization was also determined for each solubillzed 
system. 
4 7 
EXPERIMENTAL 
Materials and Method 
• 1 n _>i.i II I I—>»——11.1 iimiiii Jim I I III i ip i i i 
Sodium dodecyJL sulfate (SDS) was obtained as BDH 
(England) product. It was further purified by repeated crystal-
lization from ethanol-acetone mixtures and finally extracted from 
petroleum ether (60 hours) and chloroform (100 hours). The 
surfactant was dried after filtration in a hot air oven at 50°C. 
The purity of the surfactant was checked by microanalysis! 
C=3 49.73j<, ihs 9»02rA and S» ll.OOj^} calculated valuesj 0=: 49»80j<, 
Hs3 8»9C^ and Sss ll«06f^. The purity of the surfactant v/as further 
ascertained from the absence of mininium in the surface tension 
versus lagarithm of concentration plots, Cetyl trimethyl 
ammonium bromide (CTAB), was obtained from slgraa chemical company 
(U,S,A#), It was purified by recrystallization (repeated several 
times) from acetonef and dried in an hot air oven at 50 C to a 
constant weight. The non'»ionic surfactant, polyoxyethylene (9.3) 
octyl phenol (Triton X-100) was purchased from BDH Chemicals Ltd. 
Poole# England. It was used as supplied. 
The alcohols, viz. raethanolj ethanol, n»propanol and 
n-butanol were obtained from BDH (99^ pure) while n-pentanol was 
an E. Merck product (purity >99^). It was used without purifica-
tion. Solvents other than water were used as supplied* 
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Ordinary distilled water was first demineralized by 
passing through an ion-exchange colunm* It was distilled twice 
in presence of alkaline permagnate in an all quic*: fit pyrex glass 
assoably. The specific conductivity of water was aboijt 1x10 to 
2x10* ohm cifl # Water eguiliberated with atmosphere carbon 
dioxide was used throughout the worki 
The solubilizateSj sudan I H and IV, purchased from 
Loba-Chemie, India, were of microscopic grade and were used with-
out further purification• 
A concentrated stock solution of the surfactant to be 
studied v/as prepared by weighing* In order to study the effect 
of n-alcohols on solubilization, different percentages 
(by volumes) of alcohols were prepared by adding the required 
amount of alcohol. 
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RESULTS 
The wave length of maximum absorption, /\ j-av ^nd molar 
absoj^tion coefficient,^ and solubilities of these dyes were 
determined in the surfactant solutions (below and above CMC), 
water, alcohols and organic solvents* The -f values of the 
Sudan III and IV in these solvents are given in table I. 
For a typical solubilization experiment, excess amount 
of solubilizate, sudan III or IV, were added to surfactant solu-
tion of different concentrations in a given solvent. The solu-
tions were then shaken for atleast twenty four hours in a meta-
bolic shaket maintained at constant tenperature. The attairanent 
of equilibrium was repeatedly checked by keeping unfiltered 
solutions for longer period and measuring the absorbance of a 
portion of the supernatant liquid* The solutions remained stable 
and their absorbance did not change within the experimental 
error. Finally the solutions was withdrawn and diluted v/ith the 
surfactant solution of the same concentration in that solvent. 
The absotb&nce of the solutionswere measured at the wave length 
of maximum absoiption, ^  ta 500 nm on a PYE UNICHE, Model, 
PU-8800 UV/VIS spectrophotometer at 30°C. Plots of absorbance 
versus soluttOnCdye) concentration for sudan III and IV are 
shown in figures 1 and 2. From these plots - molar absorption 
coefficients were calculated for sudan III and IV. Solubility 
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of Sudan III and IV were also calculated in surfactant solutions 
below and above the QiC and are shown in table II. The effect of 
added (0»,1M) alcohol on the CMC of the surfactants was also 
studied. The CMC values in presence of added (O.IM) alcohols are 
given in table III, Absorbance values of solubilized dye with 
change in surfactant concentration for SDS, CTAB and Triton X-100, 
in water and in the presence of added alcohol (0,1M) for sudan III 
and IV are given in tables IV-IX,. Plots of dye absorbance versus 
surfactant concentration for all the surfactants in presence of 
added (O.IM) alcohols are given in figs,3-5, Moles of surfactant 
solubilizing a mole of dye, Np, have been calculated from the 
slopes of upper straight line portion of the plots (figs»3-5) and 
molar absorption coefficient, / , of the sudan III and IV in the 
respective surfactant solution. These values for sudan III and IV 
are given in table X« 
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TABLE II.- Solubilities of dyes (Sudan III and IV) in aqueous 
surfactant solutions in presence of O.IM concentra-
tion of n-alcohols, below and above CMC at 30°. 
Surfactant 
(O.IM n-alcohols) 
SDS 
Water 
Methanol 
Ethanol 
n-propanol 
.n-butanol 
n-pentanol 
CTAB 
Water 
Methanol 
Ethanol 
n-propanol 
n-butanol 
n-pentanol 
Triton X-100 
Water 
Methanol 
Ethanol 
n-propanol 
n-butanol 
n-pentanol 
Surf o 
xlO^M 
3.00 
3.00 
3.00 
3o00 
3.00 
3.00 
0.30 
Oo30 
0.30 
0.30 
0.30 
0.30 
0.30 
0,30 
0.30 
0o30 
0o30 
0,30 
Sudan 
Below CMC 
cone. Dye cone. 
xlO^M 
lo86 
4.88 
5.81 
7o91 
9.77 
10.93 
lol6 
lo86 
2.09 
2.33 
4o65 
5o58 
lo59 
2,27 
3o41 
4.54 
6o36 
7.27 
III 
Above 
Surf. cone. 
xlO^M 
lOoOO 
lOoOO 
10.00 
10.00 
10.00 
10.00 
lo*20 
1.20 
lo20 
1.'20 
lo20 
lo20 
1.00 
1,00 
•1.00 
1.00 
1.00 
1.00 
CMC 
Dye cone. 
xlO^M 
10.00 
15.80 
18ol4 
20o70 
23.95 
27,21 
7.*21 
10.47 
llo63 
14.88 
18.60 
20.93 
6.14 
12.73 
15.68 
17o73 
20.45 
23.64 
Contd. 
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Surfactant 
(O.IM n~alcohols) 
SDS 
Water 
Methanol 
Ethanol 
n-propanol 
n-butanol 
n-pentanol 
CTAB 
Vi/ater 
Methanol 
Ethanol 
n-propanol 
n-butanol 
n-pentanol 
Triton X-100 
Water 
Methanol 
Ethanol 
n-propanol 
n-butanol 
n-pentanol 
Below 
Surf. cone. 
xlO^M 
3,00 
3.00 
3.00 
3c00 
3.00 
3.00 
0.30 
0o30 
0.30 
0.30 
0o30 
0.30 
0.30 
0.30 
0.30 
0.30 
0.30 
Oo30 
Sud 
CMC 
Dye conco 
xlO^M 
Oo85 
lo41 
1.97 
2o82 
3.66 
4.93 
OolO 
0.99 
1.69 
2<,25 
2o82 
3.66 
1.29 
1.71 
2.57 
3.57 
4.86 
5o71 
an IV 
Above 
Surfo cone. 
xlO^M 
lOoOO 
10.00 
lOoOO 
10.00 
10.00 
10.00 
lo20 
lo20 
lo20 
1.20 
1.'20 
lo20 
IcOO 
1.00 
1.00 
. 1.00 
loOO 
1.00 
CMC 
Dye conco 
xlO^M 
3.52 
6o20 
7o61 
9o'58 
9o58 
13o24 
4.22 
7o"04 
8o'45. 
10ol4 
llo83 
14o08 
5.00 
8.57 
11.14 
12.57 " 
14o29 
15o71 
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TABLE IIIo- Effect of the added n-alkanols (ClU) on the CMC of 
the surfactants in water at 30°. 
Surfactant Alcohols 
(O.IM) 
Critical micelle 
concentration 
CMC xlO^M 
SDS 
CTAB 
Triton X-100 
Vi/ater 
Methanol 
Ethanol 
n-propanol 
n-butanol 
n-pentanol 
Water 
Methanol 
Ethanol 
n-propanol 
n-butanol 
n-pentanol 
Vi/ater 
Methanol 
Ethanol 
n-propanol 
n-butanol 
n-pentanol 
8.'10 
7.90 
7.60 
7.40 
7o'10 
6.80 
0,90 
0.89 
0o86 
0»84 
0.82 
0,79 
0.90 
0,89 
0o'87 
0.84 
0.81 
0.78 
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DISCUSSION 
The solubilization process can he devlded into a series 
of steps* (a) the dissolution of the solubilizate in the hydro-
carbon core, (b) deep penetration of the palisade layer and 
(c) adsorption on the surface of the micelle . As a result of 
very low solubility of the solubilizate in water as a rule, the 
system in the initial stage of the process will consist of 
particles of solubilizate, the saturated aqueous solution and the 
unsaturated micelles, therefore, the process can be considered to 
be undirectional» In addition, the reverse transition of the 
solubilizate molecules from the micelles into the aqueous solu-
tion is not onlywi.tK overcoming the surface-solution (or ion-
solvate) layer usually having properties different from the bulk 
phase but also with a decrease in the disorderness of the system. 
In this way in solubilization process the aqueous 
surfactant solution is allowed to attain equilibrium by remaining 
in contact with the excess of solubilizate* The aqueous micellar 
solution then can be followed as a pseudo two phase system, and 
the equilibrium for the distribution of a solubilizate between 
aqueous and micellar phase can be represented as 
where n|, )i|^  and |ig are chemical potentials of the solubilizate 
in the solid state, aqueous phase and micellar phase respectively. 
ss 
The standard free energy, A^^p associated with the 
solubilization of a solid solubil izate i s thus given as'^^ 
Solubil izate (aqueous) ^ • ' ^ Solubilizate (micellar) . . . (2) 
The standard free energy of transfer of a mole of 
solubil izate from the aqueous phase to micellar phase can be 
represented by equation 3 . 
AC3§ «-RT m {C^/C|^) , . . (3) 
Whore C^ ana c|« are the concentxation. of the ooI„MU.ate In 
unit mole of micellar surfactant and in aqueous phase^respect-
*o ively. The overall standard free energy, A G S , of the system of 
76 T? 
micelle formation could be written as * 
AG3 « AGS + AG° + A G J * . . (4) 
„hexe A O ^ 1. the ..ee cnex.y ohan.e as^c.ated with the transfer 
of hydrophobic part of the aniphiphile molecule from the aqueous 
mediiaa to micellar interior of aggregation number N, ii^ G^  is the 
free energy change associated with the electrostatic charge 
repulsion of the polar head groups, and AG° is the free energy 
change related to the hydration of the polar head groups at the 
micelle-water interface. This discussion could be of signifi-
cance fox assessing the contribution of various types of inter-
actions on the total free energy of solubilization. 
69 
A perusal of figures 3-5 indicates that the absorbance 
does not change appreciably below the CMC but increases rapidly 
at higher concentrations of the surfactant. The rapid change in 
absorbance after the CNK shows that the phenomenon of micelle 
formation being similar to phase separation^ i.e* micellar 
Interior is similar to bulk hydrocarbon. This fact could be 
substantiated from the comparison of solubility data of these 
dyes in water^ organic solvents and aqueous surfactant solutions 
(table 1)# The data clearly indicates that the solubility of 
dyes Is much higher in micellar solution than in the bulk water. 
The data also provides th dye solubility in the bulk organic 
solvent is only an order of magnitude higher than in the micellar 
solution, although values of molar absorbance coefficients and 
Aj-gjj in all the solvents media do not change appreciably. This 
clearly indicates that micelles provide favourable non-aqueous 
environment for the solubilizate. The linearity of curves at 
higher surfactant concentration and the stability of the trans-
parent, homogeneous supernatant solution clearly indicates that 
the aolubilized systofns are thermodynamically stable. The 
standard free energy of dye solubilization, A Ggt in all the 
three type of surfactantsin different media were calculated by 
using equation 3» 
In table X, values of A G S and the number of surfactant 
molecules per molecule of Sudan III and IV in micellar solution 
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in presence of (O.iM) alcohols are given. The results in table X 
show that in aqueous micelles, NQ is highest for SDS and lowest 
for non-ionic surfactant. The value of N^ also depends upon the 
structure of the dye. 
<H3 .CK-
Sudan III Sudan IV 
From the structure of dyes and results in table X it seems that 
the substitution of two CH^ groups in ortho^ ortho position 
in Sudan III causes the value of Ng to increase substantially. 
The increased value of N^ may be attributed to the decreased dye 
surfactant interaction caused by the increased size of the dye 
molecule, less negative values of A G ? for Sudan 2V than for 
Sudan III for all the surfactants further support the view that 
the solubilization of the former dye is less favoured than the 
latter. 
In discussing the role of O.IM concentration of a 
homologous series of n-alkanols on N-j and A G ? * several interest-
ing effects have been observed. In all the three surfactants 
studied, the number of moles of surfactant bound per mole of dye 
11 
decreases with Increase in the chain length of alcohol. On the 
other hand, the free energy of solubilization becomes more 
negative from water to n^pentanol* Thirdly the slopes of 
straight lines, figures 3 to 5, also increased with increase in 
the size of the alcohol. From these observations it is clear 
that the nature of the solubillzer, additive, and solubiiizate, 
drastically Influence the mechanism of solubilization. 
The decreased values of NQ and AGg in higher alcohols 
suggest that alcohol molecules are transferred to micellar inter-
face forming mixed micelles, which provide rooms for additional 
dye molecules to be solubllized. This effect results in an 
increase in the slopes (figures 3 to 5) and decrease in the 
values of Adg. It is logical to believe that the inclusion of 
alcohol molecules to form mixed micelles caused the aggregation 
number to decrease and this decrease/more pronounced in higher 
alcohols. This clearly explains the reason why N^ in table X 
decreases with increase in the length of the alcohol alkyl 
chain. From table X one could also find that the change in A G | 
per methylene group in the alcohol is much lower than the value 
810 cal/incA^ per OA^ for transfer from aqueous phase to a 
79 hydroca2±>on phase . In the present study the free energy 
contribution per methylene group in alcohol is much lower 
79 (table X) than the valuesreported in the literature • This 
indicates that the hydrophobic effect in the present systems is 
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much lower and the dyes are not solublllzed In the Interior of 
the micelle, but may be at the micelle water interface* Further 
it could be added that the mechanism of solubilization in all the 
three surfactants seems the same* Howevert the difference in the 
magnitude of Np and AGg may be only due to their micellar size 
and its type. 
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CHAPTER-. I l l 
IWERACTIC^ OF THIAKIINE HVDROCHLORIDE (VITAMIN B^) WITH ANIONIC 
SURFACTANTS IN AqUEOUS MEDIUM 
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INTRODUCTION 
mmmmmm-m^ i in » i no 
The interaction between large organic cations and 
anions is an inportant factor to be considered when applying 
physicochemical principles to the design of pharmaceuticals 
dosage and drug availability. The extensive use of ionic surfac* 
tants in pharmacy for solubilization, preservation and stabiliza-
tion in the presence of other additives or drugs of the opposite 
charge may result in several desirable or undesirable inter-
actions ** • Numerous studies on the influence of surfactants on 
drug and dye absoiptlon have shown them to be capable of increas-
ing or excerting no effect on the transfer of drugs across 
biological membranes • Recently interaction between large 
monovalent organic ions and ionic surfactants of opposite charge 
were studied in aqueous medium as a model system * • Depending 
upon the nature of the anion and cation, ion-pair fonnation, 
complexation, coacervation and hindered precipitation can all be 
ascribed to such systems. In an investigation it has been 
reported that the types of possible interactions occurring 
between large organic Ions of opposite charge in aqueous medium 
depend on the factors such as electrostatic and hydrophobic 
forces * The stoichiometry of these interactions have been 
determined using condutimetric and turbidimetric methods. The 
nature and the type of interaction products formed was found to 
depend on the concentration of the surfactant. At very low 
83 
concentration of the surfactant and oppositely charged organic 
ion, a soluble ion pair formation is reported to be formed* At 
slightly higher concentration of surfactant an insoluble complex 
is formed which is finally solubilized in the micelle above CMC # 
The effect of various substltuents in the alkyl cha-in attached to 
the bulky cation on the interaction with SDS has been studied by 
Mukhayer and Devis • It has been found that the interaction and 
phase separation that occurs between large oppositely charged 
alkyl sulfate and phosphonium cation is influenced by substitu-
tion in the benzyl moiety of the cation<( From the temperature 
dependence of the solubility productsi thermodynamic quantities# 
A S and AH were derived. These parameters provided a clear 
example of compensation effect. 
Interaction between large organic ions of opposite and 
unequal charge is also reported by Tomlinson and Devis"^ . The 
authors studied the interaction between large organic Ions of 
opposite and unequal charge» for exan^le# the dianionic drugs 
such as sodium cromoglycate and indigo carmine, with a homologous 
series of unsubstituted and substituted alkylbenEyldimethyl 
ammonium chlorides (alkyl chain length 10-18)• The bischromone 
(cromoglycate)-alkylbenzyldimethylammonium chloride system has 
been reported as a suitable 2il interaction model between large 
organic ions of opposite electrical charge. The important 
feature of the study is that depending upon the concentration of 
8' 
drug and surfactant, different regions, for exan^le a clear region 
in which no coraplexation occurs, followed by a milky and an oily 
occurs, 
region in which conplexation/ which is finally solubilized within 
the surfactant micelles. At high sodium cromoglycate and low 
surfactant concentrations, no turbidity was observed. This is 
due to the fact that sodium cromoglycate behaves like a staked 
pseudomicelle at these concentrations * In this region no 
cougalex formation is reported to occur because of diminished 
thermodynamic activity of anion, Hydrophobicity has been demons-
trated as having an iitportant role in determining the complexa-
tion phenomenon. It has been found that a relationship between 
solubility products and critical micelle concentrations may be 
useful in predicting complexation in pharmaceutical formulations. 
If the interaction between these species is carried out at 
concentrations well below their mutual solubility product values, 
ion*»pairs, rather than ion triplet, are predominantly foaaned 
between these hydrophobic ions. In the presence of an oil a 2*1 
ion triplet is reported to form at the oil/water interfaclal 
diffusion layer '^, In conclusion it could be submitted that a 
2tl species would be favoured by oil and a Itl species by water. 
The process of individual ion-pair formation occurs in solvents 
other than water, while in aqueous solvent the degree of associ-
ation increases with the hydrophobic part of the cation due to 
concomitant changes in water structure produced by the hydro-
20 21 
carbon function • . 
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Interaction between surface active agents and vitamins 
is usually manifested by a reduction in antibacterial activity 
and Involves consequent danger of microbial spoilage. Non-ionic 
surface active agents,are particularly liable to inactivate anti-
bacterialst because apairl from their capability of solubilization, 
there are possibilities of complex formation between the other 
6,7 
oxygen of polyoxyethylene chain and cations of vitam5,n B coiiplex. 
A nuiifcer of drugs and vitamins have been reported to foira 
micellest generally small aggregates *^^*. Formulations have 
been asseiitf)led as syrups and drops using polysorbate-80 to solu-
bilize vitamins. The concentration and the absorption of all 
insoluble drugs can be enhanced in a particular formulation by 
selecting a suitable solubilizer. 
Surfactant^f also called detergents, are amphiphilic 
molecules where a polar head group attached to a long non-polar 
tall provides distinct hydrophilic and hydrophobic region. A 
surfactant can be classified as either cationic, non-ionic, 
SEwitterionic, or anionic depending upon the nature of the polar 
head group. Above the Kraft temperature at a critical concent-
ration, surfactant molecules dynamically associate to form 
roughly spherical aggregates. The critical concentration is also 
called critical micelle concentration, CMC, which is the 
characteristic property of a surfactant in a given medium at a 
particular teo^erature. The number of surfactant molecules per 
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micelie i$ caXied Its aggregation number wrfiich depends upon a 
nurabey of factors such as solvent, tenperature, additives and 
nature of surfactant^ among others. 
The extensive use of ionic surfactants in pharmacy for 
solubilizationJ stabilization and preservation in presence of 
other additives or drugs of opposite charge may result in some 
desirable OT undesirable interactions * It is found that the 
ionic strengthi ten^erature# and urea effected the interaction 
between the ionic surfactantsand drugs. The solubility of the 
Insoluble conpiex, which is formed by interaction of these two 
organic ions can be altered by changes in ionic strengthi tenpe-
ratttre and the additives » For exasple the absorption of 
thiamine hydrochloride is increased when It is given with 
OS 
sorbital and sodium dodecyl sulfate at lower concentration but 
inhibited at higher concentration* Non-toxic dosages of SDS 
have been reported to greatly increase the rate of glucose 
absorptioft^^'^*^. 
The interaction of surfactant with ionic dyes is an 
extensively studied subject and many mechanism have been invoked 
to elucidate the formation of various species resulting from 
such interactions®**^*^*^^^^. The studies of spectral changes in 
dye arising below the CMC when a dye interacts with a surfactant 
of opposite charge have often been of only a qualitative nature. 
Few workers really given information on the nature of stability 
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of the species responsible for the spectral changes. This is 
partly because suspensions of insoluble salts are often formed 
and partly because the nature of the spectral change is sometimes 
not understood. Very often the observed spectral change is just 
a shift of absorption maximum that could be the result either of 
a change in dye aggregation or a change in environment. According 
to Reevs et al.^, the species responsible for the spectral change 
appears to be complexes or small aggregates containing surfactant 
in small excess over dye* Some workers * described the 
formation of submicellar aggregates from interaction of dye and 
surfactant of opposite charge. It has been reported that these 
iubmicellar aggregates are responsible for spectral change in the 
incorporated dyes. 
The use of surfactants either in the foimulation of 
pharmaceutical dosage forms to solubilize/preserve drugs or 
industrial baths to disperse or fix dyes for some practical 
purpose, the interaction of these species need to be thoroughly 
investigated particularly when strong electrostatic and hydro-
phobic interactionsare expected to play a dominant role. In the 
present work an attempt has been made to study the interaction 
between thiamine hydrochloride (vitamin B-j^) and long chain 
sodium alkyl sulfates {Cg-C,2^ ^ aqueous solution as a model 
to examine their interaction at surfactant concentration below 
and above the CMC. In this system the anion is an alkyl sulfate 
8S 
and thiamine hydrochloride is a cation. At low concentration the 
anion acts as a fully dissociated electrolyte with respect to its 
sulfate group• Xt is well know that alkyl chain behaves like a 
hydrocarbon moiety in aqueous medium and the dimerization of 
alkyl sulfate through hydrophobic interaction has been suggested' 
below CMC* On the other hand, thiamine hydrochloride molecule in 
aqueous solution behaves as Th* cation. 
^^ Wak N ^ 
Thiamine hydrochloride 
Besides electrostatic interactions between Th"*" and 
As"", there is also a posibility of hydrophobic interaction 
between the non-polar moieties of the tv^io large ions* Preliminary 
observations on the interaction between thiamine hydrochloride 
and alkyl sulfate in aqueous medium have shovm many interesting 
reaction^akin to some positively charged organic Ions of 
opposite charge * on mixing very dilute solutions of thiamine 
hydrochloride and sodium alkyl sulfates, the solution r^nained 
clear* When the concentration of sodium alkyl sulfate was 
increased gradually, the solution became turbid^ The entire 
solution became clear again when the concentration of surfactant 
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reached above the CMC* This interesting observation prompted us 
to study the various steps of the process and to explore the 
aechanism of various interaction processes* 
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EXPERIMENTAL 
Materials 
I iiiiii i i " < • .1 
SoditJm dodecyl sulfate (SDS) was the same as used 
earlier • Sodium octyl sulfate (SOS) and sodium decyl sulfate 
(SDeS) were prepared by stirring an equimolar mixture of the 
corresponding alcohol and fuming sulfuric acid in an ice bath 
for 3 hours. The mixture was allov/ed to react at room tempera-
ture for 48 hours. The resulting mass was neutralized with 
sodium hydroxide solution. The surfactant was extracted with 
n«propanol and then recrystallized from ethanol. The CMC of the 
respective surfactant was checked by surface tension/conductivity 
method. The CMC values thus determined agreed well with the 
literature values. Thiamine hydrochloride (vitamin B^^), 
purchased from sigma chemical Co. (purity 99?<) was used as 
supplied. Deionized double distilled water, specific conduct!-
vity about 1x10** to 2x10 ohm cm** i was used through out the 
work, Conductimetric titrations of thiamine hydrochloride and 
sodium alkyl sulfates were carried out on a Systronics (India) 
direct reading conductivity bridge model DRC-303 equipt with 
platinized electrodes of known cell constant. 
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Procedure 
20 cubic Centimeter of thiamine hydrochloride were 
placed in a theimostated pyrex glass container, maintained at 
constant teirperature^ r The cell was introduced into th# solution* 
When the solution reached thermal equilibrium, a concentrated 
solution of surfactant was added gradually in small volumes with 
a microliter syringe and mixing was accomplished^ The conducti-
vity of the resulting mixture was noted. Necessary-correction 
for dilution effects were made* 
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RESULTS 
Typical conductivity titration ctirves of thiamine 
hydrochloride with SAS at different temperatures are shown in 
figures 1-3 and the experimental data in tables I-III. A perusal 
of figures 1-3 shows that a clear region I is obtained at very 
low concentration of both thiamine hydrochloride and surfactant. 
At higher concentration of the surfactant the solution becomes 
turbid, region II, The turbidity disappears when the concentra-
tion of the surfactant reaches well above the CMC, region III. 
In order to study the interaction between SAS and 
ThHCl, Job*s method of continuous variation was applied. In this 
method, very dilute equtoolar solutions of ThHCl and SAS were 
prepared. These solutions were mixed in various proportions and 
the conductance of the mixtures measured. The specific conduct-
ance versus concentration plots for thiamine hydrochloride -
sodium alkyl sulfate systems are shown in figures 4-6 and data 
in tables lY^Vt, The straight line AB and CD in figures 4-6 
represent the specific conductance of pure ThHCl and SAS 
respectively in water. Assuming that if no interaction takes 
place between Th"*" cation and AS* anion the specific conductance 
of their mixture must be on the straight line BD and the conduc-
tivity of the mixture should be the sura of conductances of the 
solutions of individual components in water (Table IV-VI), 
However, the conductance of their mixtures are decreased 
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(figure 4*6y curve BOD and table IV-VI), which is due to the 
formation of soluble non-conducting species (ion-pair formation) 
as a result of interaction. 
%n order to determine the concentration of ion-pair in 
region I, a very dilute solution of thiamine hydrochloride was 
titrated with a concentrated solution of surfactant and the 
conductivity of the solution for each addition measured. In a 
parallel experiment the conductivity data for same addition in 
water was measured. The conductometric titration results are 
given in table VII, Assuming that the conductance of thiamine 
hydrochloride does not change by. very small addition of concent-
rated surfactant solution^ the difference in specific conducti-
vity -^Ksp was calculated by substracting the conductivity of the 
mixture from the total conductivity of thiamine hydrochloride and 
various concentrations of surfactant in v/ater (table VII), 
The con|)lexation end point between region I and II was 
found by taking different concentrations of thiamine hydrochloride 
in the titration vessel and then titrating with a concentrated 
solution of SAS. The electrical conductivity titration data for 
various surfactants is presented in table XI and XII* 
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TABLE I,- Variation of specific conductivity with concentration 
(C) of sodium dodecyl sulfate (SDS) in presence of fix 
amount (3 mMl*" ) of thiamine hydrochloride (ThHCl) at 
various temperature. 
25° 
Concn. of 
SDS mMl""-'-
O.CX) 
0.40 
0.78 
1.16 
1.54 
1.90 
2.26 
2.62 
3.30 
3.64 
4.28 
4.60 
4.91 
5.22 
5.81 
6.39 
6.67 
7o35 
8.00 
8.63 
9o23 
9o81 
10.37 
10.91 
11.43 
12.41 
13.33 
Sp Cond. 
Ke xlO"^  
^P-1 -1 
ohm cm 
6.20 
6.62 
6o62 
6o58 
6.50 
6o*43 
6o38 
6o32 
6.38 
6.38 
6.-38 
6.43 
6.38 
6.43 
6.'50 
6.62 
6.68 
6.68 
6o95 
7o32 
7.56 
7.73 
7o99 
8.28 
8o59 
8o81 
9.28 
Concn. of 
SDS mMl""-'-
0,00 
0o29 
0.59 
0.88 
1.20 
lo40 
1,95 
2o20 
2o45 
2.70 
3.00 
3o20 
3o50 
3o70 
3 0-95 
4o40 
5o00 
5.50 
6.00 
7,00 
7,65 
8.50 
9o95 
llo25 
13.25 
13.95 
— 
30° 
Sp. condo 
?-l -1 ohm cm 
8,50 
8.75 
9."00 
9.U5 
9,23 
9,^ 30 
9,40 
9,'45 
9.50 
9.55 
9.62 • 
9.65 
9 ,"82 
9J90 
9 0^ 98 
10.10 
10.23 
10,38 
10,-50 
11.08 
11,'50 
11,85 
12.50 
13.20 
14,-00 
14.70 
— 
40° 
Sp condo 
Ke xio"^  
^P-1 -1 
ohm cm 
9,90 
10.10 
10,25 
10,30 
10.'35 
10.'37 
10.50 
10.50 
10.55 
10„60 
10,65 
10,70 
10.80 
10.90 
11.^ 00 
11.'20 
11.45 
llo70 
11,-95 
12.50 
12.80 
13,35 
14.25 
14.80 
16.00 
17,^ 00 
— 
95 
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TABLE II.- Variation of specific conductivity with concentration 
(C) of sodium decyl sulfate (SDeS) in presence of fix 
amount (3 niMl" ) of thiamine hydrochloride (ThHCl) at 
various temperature. 
Concn . of 
SDeS miVU'"''' 
0 . 0 0 
0 . 4 0 
0 , 7 8 
1.17 
1.54 
1 .90 
2o26 
2 . 6 2 
2o96 
3o30 
3 . 6 4 
4 . 0 0 
4 . 2 9 
4 . 6 0 
5o52 
6 . 1 0 
20° 
Sp cond. 
Ke xio"^ 
^ P - 1 - 1 
ohm cm 
7 . 7 3 
80^00 
8 0 I O 
8o'29 
8.'39 
8o49 
80^60 
8o70 
8081 
8o"93 
8 . 9 3 
9oW 
9 . 1 6 
9o29 
9o41 
9o41 
30° 
Sp cond . 
Ke XlO"^ 
^ P - 1 - 1 
ohm cm 
16. '20 
17.^60 
1 7 . 3 0 
-
17o'30 
-
17. '90 
-
17 0 9 0 
-
17o60 
1 8 . 8 0 • 
1 8 . 4 0 
1 7 . 9 0 
18o20 
1 8 . 4 0 
40° 
Sp cond . 
Kc xlO^ 
^ P - 1 - 1 
ohm cm 
2 5 . 0 0 
25. '30 
2 5 . 5 0 
-
2 5 . 9 0 
-
2 6 . 1 2 
-
2 6 . 4 0 
-
2 6 . 3 0 
-
-
26o:91 
2 7 . 4 0 
2 7 . 6 0 
Continued 
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6.67 
8.26 
9 .23 
10 .10 
11 .01 
11^83 
13 .68 
16.74 
18.02 
20 .20 
22.14 
22.19 
23.47 
23 .60 
25.29 
25 .40 
26.69 
26.84 
28.70 
30 .10 
9.54 
9o61 
10.48 
10.40 
10,24 
10o64 
10.89 
11.'42 
12.12 
12.90 
13.40 
14.22 
15.15 
15.84 
16.-40 
17.00 
18 ,40 
18.90 
19o^50 
20,^30 
20 .70 
20o'90 
21o40 
23o70 
26 .20 
27 .70 
28o90 
30.^20 
32.10 
33.90 
29.20 
29;18 
28 .90 
2 8 0*50 
29o-20 
30o^20 
35.00 
38 .00 
41 .00 
44o00 
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TABLE III.- Variation of specific conductivity with concentration 
(C) of sodium octyl sulfate (SOS) in presence of fix 
amount (3 mMl" ) of thiamine hydrochloride (ThHCl) at 
various temperature. 
Concn. of 
SOS mMl"'-'-
30.00 
34.62 
38.89 
42.86 
46.55 
50.00 
56.25 
66.67 
81.82 
94,44 
110.53 
118,75 
128o57 
135o50 
141.18 
20° 
Sp cond. 
ohm cm 
16o20 
18.10 
19.20 
21.10 
21.10 
24o40 
25.40 
30o20 
30.20 
34.20 
43o40 
56.30 
70.50 
75,40 
78.80 
30° 
Sp cond. 
^P-1 -1 
ohm cm 
40.70 
44.30 
47.50 
51o20 
52.50 
55.40 
60o50 
68o'50 
74.00 
83.20 
95.10 
105.20 
107.40 
111.00 
117.50 
40° 
Sp cond. 
Kc.^ xio'* 
^P-1 -1 
ohm cm 
70oa0 
74o'20 
77."40 
80o20 
82o-'30 
85o40 
91.20 
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115.30 
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DISCUSSION 
A perusal of figures 1-3 shows that a clear region I 
is obtained at very low concentrations of both thiamine hydro-
chloride and surfactant* At higher concentration of the 
surfactant the solution becomes turbid, region II. The turbidity 
disappears when the concentration of the surfactant reaches well 
above the CMC, region III, 
Clear Region I 
In this region the conductivity is contributed by 
various ionic species and the interaction products of thiamine 
hydrochloride and sodium alkyl sulfate. These conductive species 
are Th'*", 01**, anion of alkyl sulfates, As** and its counter ion, 
Na* and possibly the dimers of ASg , specially that of SDS ' • 
A third species in solution that is soluble and non-conducting 
may arise from the interaction of Th**" and As"* to form a small 
complex, possibly an ion-pair. The hydrophobicity and size of 
both ions provide optimum conditions for the existence of *water 
11 37 Structure inforced ion-pair* » . 
The interaction between thiamine hydrochloride and As* 
may be written as 
Th* + X As* ^;"" "-^  ThASjj ... (1) 
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where Th and As** represent cation and anion of thiamine hydro-
chloride and alkyX sulfate respectively. In order to determine 
the value of x, very dilute equimolar solutions of thiamine 
hydrochloride and surfactants were prepared. These solutions 
were mixed in various proportions and the conductance of the 
mixtures measured. The specific conductivities of these solu-
tions were calculated after applying the solvent correction. 
Representative specific conductance V_ concentration plots for 
thiamine hydrochloride-SAS systems are shown in figures 4'«*6, 
table IV-VI. The straight lines AB and CD represent the speci-
fic conductance of pure ThHCl and SAS solutions respectively* 
When no reaction takes place between Th* cation and As" anion 
the specific conductance of their mixture must be on the 
straight line BD and the conductivity of the mixture should be 
the sura of conductivities of the solutions of individual con^o-
nents in water {table IV«*VI). However» the conductance of their 
mixtures are decreased (figures 4*6, curve BOD, and table IV*VI) 
wrtiich is due to formation of the soluble non-*conducting species 
(Equ. 1). A plot of surfactant/thiamine hydrochloride molar 
ratio versus specific conductivity of the mixture resulted a 
minimum at Itl, for all the surfactants. This means that the 
value of X (Equ. 1) is unity and the interaction product of 
vitamin B. cation and alkyl sulfate anion is a non-conducting 
ion-pair Th'*"As"'. Hence the ion pair Interaction may be written 
as 
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TABLE VII.- Specific conductivity of surfactants (SDS, SDeS and 
SOS) in presence of a fix volume of ThHCl and in 
water alone and the difference in specific conducti-
vity of surfactant-ThHCl mixture and surfactant. 
Concn. 
mMl"-*-
SDS 
0.00 
0.20 
0.40 
0.50 
0.80 
1.00 
i;25 
lo'SO 
1.75 
2.00 
2.50 
SDeS 
0.00 
Oo50 
1.00 
A Kg , at 30°C. 
Sp cond. 
K„ xlO^ 
^P-1 -1 
ohm cm 
ThHCl in SDS 
6.80 
6.48 
6.48 
6o71 
6.77 
6o71 
6.80 
6.80 
6.80 
6.80 
6.19 
ThHCl in SDeS 
6.67 
6.80 
7o08 
Sp cond. 
K„ xio"^  
ohm ""cm -1 
SDS in water 
-
0.16 
0.31 
Oo37 
0.60 
0.74 
0.95 
lo07 
1.28 
1.46 
lo76 • 
SDeS in 
-
0.38 
0o78 
water 
Sp 
-
0.48 
0.48 
0.56 
0.63 
0.83 
0.95 
1.07 
1.'28 
lo'46 
2.37 
-
0.25 
0.37 
Continued 
l i d 
1 .50 7o46 I 0 I 6 0o^37 
2 . 0 0 7 . 7 1 1 .53 0.H9 
2 , 5 0 7 . 8 9 lo'87 Oo"65 
3.00 
4 . 0 0 8 . 6 8 2 . 9 5 0.^94 
5 . 0 0 
6 c 00 
4 . 5 0 
6 . 0 0 
8.17 
9o'27 
9 065 
ThHCl in 
6o67 
7.'50 
8.51 
9.01 
10.11 
10.57 
11.12 
SOS 
 
1, 8  
2o21 
3.69 
4o'40 
SOS : 
-
1.14 
2ol8 
3.17 
4.15 
5.06 
6.07 
0 . 7 1 
lo^09 
lo'42 
SOS 
0.00 
1.50 . 1  0.35 
3.00 .   0.38 
0.97 
0,75 
7.50 . . 1.20 
q 0 0 1 1 - T:) n . u / 1.66 
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The ioii'-pair association constant may be iwitten as 
^ioih»palr » -^2ilI«2-.«- . . . (3) 
whence ion^-palr Is the association constant of the ion-pair and 
X represents the mole fraction of the respective species. At an 
initial concentration of ThHCl (SxlO-^Mdn.-^) and varying 
concentrations of SAS, the concentration of ion-*pair species was 
calculated by a method analogous to Job*s method of continiiows 
variation* Similar method was applied by others to Ion-pair 
equilibria ••^  * . The basic assunption is that conductivity is 
strictly a linear function of the concentration of electrolytes* 
With this assumption the specific conductivity of SAS 
in water* KgpSAS ^®^ ^ ® expressed by equation 
^SPSAS^^^ * '^SAS ^  ..• (4) 
where AgAc is the equivalent conductivity and C is the concent-
ration of sodium alkyi sulfate in mole ctei , 
Assuming further that the degree of dlmerization of 
sodium alkyl sulfates does not change appreciably in the 
concentration range used and no dimerizatlon of ThHCl takes 
112 
place in the presence of added aikyi sul fa tes , the specific 
condtictivity of the mixture K^p^^ may be represented by the 
equation 
hPm "^ '^ Th'^  <^'*V * ^^ As-- « -^^ i^  -^  ^ i ^Ka" •*• A2i*).,,(6) 
where X^ is the mole fraction of non--conducting lon-«^air species 
A^g* and ^Qi** aire the limiting ionic conductances of Na**" and 
CI"*, respectively and these values at experimental temperatures 
were estimated from the literature values . 
Assuming that the theoretical deviation from the 
observed conductivity is due to the formation of an ion-pair, 
the conductivity change can be determined by substracting 
equation 6 from 5. The conductivity change (^^30-.) due to ion-
pair formation is then 
using equation {7) the concentration of the ion-pair X^ ^ is 
obtained as 
y^ j - j tmmiimmmmmmmiimmmmmmmmm0mmmm»mMhm'm>mmmmmmmmim>imtim«I'lii' "• iiiiwtww—••it » • » 1 8 / 
where AKg|w is the difference in conductivity between the mixed 
system and SAS solution alone at any given concentration of added 
llo 
SAS. No appreciable change In the value A -rwuni was found by 
small addition of very concentrate solution of surfactant hence 
its value was taken as constant. The ion^pair association 
constant for different alkyl sulfates (CQ, CJ^Q and C^ g^) ca^ -^C"-
lated from equation (3) and (8) are given in tables VIII-X» From 
the temperature dependence of ^ion^oair^ ^^® standard free 
energy of ion^air formation^ A G^^ was determined using the 
relation 
A G ° = -RT in K^„„^^l, ... (9) 
and these values are also included in tables VIII-X, 
In discussing the role of alkyl chain length of 
surfactants on free energy of ion-pair formation-several, 
interesting effects have been observed. The free energy of ion-
pair formation, A G®, becomes more negative for higher alkyl 
chain length surfactants, so becomes Kj 4«,f The change in 
free energy per additional CH^ unit for SDS and SDeS is roughly 
—1 1200 and 800 KJ mole % respectively, A plot of nun^er of 
carbon atoms, n , in the alkyl chain of surfactant verus free 
c 
energy for ion-pair formation is shown in figure 7. These 
Results clearly Indicate that apart from electrostatic inter-
actions between oppositely charged ions, the hydrophobiclty of 
both the Ions also governs the water structure enforced lon-palr 
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IIS 
37 formation • Similar behaviour has been observed for the 
interaction of various long chain alkyl sulfates and quaternary 
anunonium salts^^»^^»^^. 
Region II 
limn iiiiiiniiiii 11 II .mil 
The onset of turbidity in the solution and a sharp 
change in the slope of the conductivity curve can be described 
as the start of formation of an insoluble coii^lex leading to the 
separation of an insoluble phase and the ions in the solution as 
n As* + m Th**" '""•' "• •"•»^  As^Th^ ... (10) 
The corresponding equilibrium constant can be written as 
K t a • • I.' .^ 1^ .1'. M'^'ill, f . ^ „Mi.,ii, , ^ , (II) 
n m 
where a are the activities. Since the complex is a separate 
phase its activity is taken as unity by convention hence 
K « K g « (a^^-) (afjj*) ... (12) 
where K. is the solubility product. 
in order to find the stoichioraetryt the compleKation 
end-point was determined by titrating different fixed concentra-
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TABLE XI.- Specific conductivity data of the titration of various 
concentration of ThHCl (fix volume) with SDS for the 
determination of end point for clear region I at 25°. 
Concn. of 
SDS 
mMl""^ 
0.00 
0.40 
0.78 
lal6 
1,'54 
1.90 
2.26 
2o62 
3.30 
3.64 
4.28 
4.60 
4.91 
5.22 
5.81 
6.39 
6.67 
7.35 
8.00 
8o63 
9o23 
9.81 
10.37 
10.91 
11.43 
12.41 
13o33 
15.00 
Sp cond. 
3 mMl"-^ ThHCl 
ohm cm 
6o20 
6.62 
6.62 
6.58 
6.50 
6,43 
6o'38 
6.32 
6.38 
,. 6.38 
6.38 
6.43 
6.38 
6.43 
6.50 
6o62 
6.68 
6.68 
6.95 
7.32 
7o56 
7.73 
7o99 
8o24 
8.59 
8.81 
9o28 
— 
Sp cond. 
5 mr^ ThHCl 
Ke xio"^  
ohm cm 
8.70 
9.94 
10.09 
10,56 
11.23 
11.41 
110*23 
llo23 
llo'14 
10o71 
10o71 
10.96 
10o55 
10.39 
10o24 
10.47 
-
-
10<.24 
-
9."28 
-
9.40 
-
9.53 
-
9 0-94 
10.71 
Sp cond. 
8 mMl"-^ ThHCl 
Kc^^xio"^ 
gP-1 -1 
ohm cm 
11.61 
16.02 
16.20 
16.20 
-
16.40 
-
16.59 
16.'30 
15.84 
-
15.'66 
-
15o'48 
-
-
15.48 
15.19 
-
14.67 
-
-
13.64 
-
13oH0 
13o20 
13o'40 
14.51 
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TABLE XII.- Specific conductivity data of the titration of various 
concentration of ThHCl (fix volume) with SDeS for the 
determination of end point for clear region I at 25°. 
Concn. of Sp cond. Sp cond. Sp cond." 
SDeS 10 mMl"-^ ThHCl 20 mMl"-"" ThHCl 30 mMl"-'' ThHCl 
mMl"-"- Kc, xlO^ Ke xio"^  K<, xlO'* 
ohm cm ohm cm ohm cm 
0.00 19»60 37.10 53.70 
0.50 20o80 38o30 54o50 
0,99 21,'40 37.90 54o50 
1.48 21.80 37.10 53o70 
1.96 22.10 37.70 52.80 
2.44 22.50 37.90 52.80 
3.38 ' 21o40 37.90 52.10 
4o'31 22.50 37.70 
4,76 21.40 37.70 51o30 
6.98 22.50 37^30 49o'80 
8;26 21o^ 90 36.90 
9.91 22.50 36.70 39o'80 
11.50 ' 22.30 36.70 49.50 
13.04 22,60 36.30 49.10 
14.89 22.80 35.80 
16.67 22.80 35.60 47.80 
18.37 23.10 35.20 
20.00 23.60 34.90 47.10 
23.08 24.00 34.50 46o50 
25.92 24.50 34.50 • 46o20 
28,57 24.90 
31,03 27.30 - 46.80 
33.33 28.10 34.50 46.50 
35.48 28.80 34.60 
37.50 - 34.80 46.50 
39„39 29.80 36.40 46o50 
41.18 - 37.80 46o50 
42.86 31.70 - 46=50 
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tions of ThHCl with SAS (figures 8-9). For a 111 complex, plots 
of [ThHCl] versus [SAS] should be linear and pass through 
origin* Such plots for SDS and SDeS are shown in figure 10 . 
The mean value of K. derived from the slopes of these curves are 
12.69x10*^ and 30.97x10*"^ for SDS and SDeS> respectively. It 
must be noted that due to higher solubility of thiamine hydro-
chloride^SOS con^lex in water, visual appearance of onset of 
turbidity becomes difficult. However, a sharp end point could 
best be determined from electrical conductance changes between 
region I and II (figure 3). 
Region III 
This region is characterized by the termination of 
region II and from the disappearance of the turbldityr Mother 
interesting feature of this region is that there is a change in 
gradient of the conductivity versus concentration of titrant 
(indicated by an arrow between region II and III, figures l-.S). 
This change in gradient does not corresponds to CMC of the 
respective surfactant in the presence of various ThHCl species 
(Th*, Th^As", ThAs). The stoichioraetry seems more complex at 
higher temperature (figures 1-3). However, the disappearance 
of turbidity at higher concentration of alkyl sulfates can be 
regarded as the consequence of micellar solubilization of the 
complex Th ASf 
12i 
TABLE XII.T-. Data for the [ThHCl] versus [surfactant]"-"- and log 
[surfactant] versus log [ThHCl] plots at 25°. 
[SDS] 
xlO^M 
6,"67 
4.60 
3.33 
[SDeS] 
xlO^M 
3.38 
1.72 
0.99 
[ThHCl] 
xlo\ 
1.-67 
2o'65 
3.67 
[ThHCl] 
xlo\ 
9o'66 
19o66 
29o70 
[SDS]"-^ 
xlO"^M 
0.15 
0o'22 
Oo30 
[SDeS]"*^ 
• xlO~\ 
0.-29 
0.58 
lo'Ol 
log[SDS] 
-2.17 
-2.34 
-2o48 
log[SDeS] 
-2.47 
-2.76 
-3.00 
log[ThHCl] 
-2.78 
-2 .'58 
-2o43 
log[ThHCl] 
-2.01 
-lo71 
-1.53 
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CHAPTER «• l y 
EFFECT Oy CH4IN LENGTH OF n^lKAHGLS AND nW^LKANES Oti WATER*IN-
OIL MiCROEiWJLSION CO^gOSED OF lOMIC SURFACTANTS 
mmmmmmmmmmmm 
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INTRODUCTION 
The team •microeaulsion' was first used by Schulman to 
desc3*ibe isotropic, translucent systems which were obtained from 
coarse macro-emulsions during the titration with alcohol (clear 
system). As this clear fluid was thought to contain small 
droplets of oil dispersed in water, or water dispersed in oil, 
these were then termed oil-in-^ater (0/w) or water-in-oil (W/O) 
raieroemulsions, respectively. The true nature of microemulsions 
has been the subject of many scientific discussions ever since 
their introduction. Hoar and Schulman described a transparent, 
non-conducting system of water in oil dispersions, termed 
oleophathic hydroraicelles. Winsor in a series of articles on 
hydrotropy, solubilization, and related emulsification processes, 
described a homogeneous solubilized phase which does not separate? 
two such phases were identified as S^ ^ and S^. 
The term microemulsion is somewhat misleading since the 
only thing common to macro and microemulsions is the fact that 
both are dispersions of one phase in the other. Avnttcroemulsion is 
a thermodynamically unstable system which will separate into two 
phases, an oil solution or pure oil and an aqueous solution or 
pure water. Microemulsions, on the other hand, are stable and 
will not separate under normal conditions. 
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The droplet diameter of a macroemulslon is approximately 
SCXDOA^ while for a microennilsion, Schuiman and Montagne using low 
angle X-ray diffraction, found its diameter in the range of 
O R 
100-600A » In some cases the diameter value was as high as 
1500A°« Macroemulsions as opposed to microemulsions scatter light 
very strongly# This weak scattering was used to determine mlcro-
fi v 
emulsion diroplet dimensions • Low angle X-ray scattering , 
electrical resistance ' , electron microscopy > NMR , viscosity » 
12 IR are a few exanples of measurements that have been ©nployed to 
study microemulsions. The understanding of the structure of 
13 
microemulsions was distinctly enhanced when Adamson exposed the 
significance of electrolytes for their formation^drawing attention 
to factors of Importance other than the interfacial tension. 
Levine later extended Adomson's treatment, including also 
Maxwell stress terms in the expression for the free energy of the 
system. 
Schuiman referred to a microeraulsion with special 
properties. This idea has been reiterated by Gerbacia , Carey 
17 
and Becher . Other workers consider microemulsions as solubilized 
systems or mlcellar solutionsi a growing nuiidber in fact refer to 
18 the 'so called microemulsions*. Osipow in his discussion on 
transparent emulsions claims that 'there is no valid method to 
distinguish between microemulsions and solubilized systems'. 
19 McBain and O'Connor distinguished between solubilization and 
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emulsification* They showed that in the case of hydrocarbon 
solubilized in a soap solution, the vapor pressure of the solubi-
lized material is lower than that in the bulk phasej such solutions 
are thermodynanically stable and their properties are solely 
dependent upon teraperature, composition and pressure. In an 
emulsion, however, the vapor pressure of the droplet is actually 
higher than the vapor presssure of the bulk* 
It was originally suggested by Schulman that micro-
emulsions would form when the surfactant and cosurfactant in the 
right ratio produced a mixed Adsorbed film that would reduce the 
interfacial tension (YJ) between the oil and water below zero# 
There v/ould then be free energy in the amount Y* ^ o^^ r dispersion, 
v\^ ere A is the interfacial area. The interfacial tension in the 
presence of mixed film is given by 
^i =" fo/^ - "^ i 
where YQ/W ^^ *^® P/^ interfacial tension without the film present 
and UJ is the spreading pressure of the film. At equilibrium Y ^ 
becomes zero. If the concept of zero interfacial tension is 
accepted, this model does not seem conceptually valid since a Yj[^ =0 
would not require the dispersed phase to be distributed in 
5 
spherical droplets as is found in the systems • Another objection 
20 "the 
raised by Prince was/necessity of attaining very high 
equilibrium, interfacial film pressures (>55 dyne/cm for alkanesf 
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35 dyne/cm for benzene) in order to obtain a fj^O, To alleviate 
20 
this difficulty Prince maintained that it was not tn/w ^^^ 
(YQ/yj)gj (i.e. the oil/water inter facial tension of the oil and 
water with the cosurfactant)• This would eliminate the necessity 
90 01 
for such high film pressure. Prince » therefore, attributed 
to the cosurfactant the role of lowering the initial interfaciai 
tension to permit the formation of microemulsions. (to/w^a ^®» 
however^ an equilibrium expression but it does, nevertheless, 
express the role of the cosurfactant in lowering the interfaciai 
tension has not as yet been considered in trying to explain micro-
emulsion formation, although the effect is mentioned in the 
literature . The transient lowering of interfaciai tension due 
to transport of cosurfactant through the Interface and the lack 
of strong interfaciai con9>lexing between the cosurfactant and the 
surfactant in the process of microemuision formation were studied 
15 by Gerbacia and Rosano • These authors state that 'microemulsions 
are transparent emulsions of high stability*• In summary, the 
Schulman school believes that 
(a) microemulsions are emulsions of special properties. 
(b) The mechanism of microemuision formation involves negative 
interfaciai tension as a transitory state, 
(c) the coiT?)osition range is narrow and 
(d) the methodology of formation is laportant. 
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Another group that studied microemulsions is that of 
23 Ekwallf Friberg ^^d others, Friberg states that when the 
interphase tension is zero, so called microemulsions are formed 
which can not be considered as true emulsions* These are solutions 
with solubilized water or solubilized,hydrocarbons.. In phase 
diagrams presented by Ekwall et al«, as well as/palit, there is a 
sharp border line between the emulsion region, !„ or L^l 
13 Adamson has objected to the use of the term .•microeraulsion* and 
preferred micellar emulsions (actually miceilar solutions) instead. 
The negative interfacial tension concept is not accepted as such 
by Adamson, v^ ho avoids using the problematic negative term by 
enploying the total free energy of a multicomponent system, which 
allows for terras describing exchange of material between interface 
and the bulk* Adamson*s model for micellar systems is based on 
the fact that such systems can exist in equilibrium with a non-
colloidal aqueous second phase. In this model the interfacial 
region has a positive free energy and at equilibrium the resulting 
Laplace pressure is balanced by an Osmotic pressure of Donnan 
origin* The micellar solution is described as one of svrollen 
micelles rather than a normal oil droplet. The system is trans-
parent due to small size of the syrollen micelles con^ared to the 
wavelength of visible light. Friberg and Wilton found that the 
emulsion stability of a system will depend on its position in the 
phase diagram. This hypothesis has been tested with several three 
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25 26 
and four coB^onent aystenjs ' • Change in the phase diagram 
caused by xeplaceiaent of the oil coiaponent has shown the effect 
on ermilsion stability* 
The investigation carried out by Schulman and his 
collaborator in the period 1940-^ developed the picture of a 
aicroemulsion system as a highly concentrated, transparent oil/ 
water dispersion which is isotropic, clear and has low viscosity. 
In microeimilsion the gap between surfaces of adjacent droplets is 
much less than the diameter of the droplets* Hence, microemulsions 
appear to be systems of closed-packed spheres in a continuous 
medium of oil and water# They also suggested that in water-in-oil 
type microemulsions, there is no surface charge associated with 
the interfacial film and hence the electrical double layer effect 
is negligible* However, in oil-in-water type microemulsions, they 
proposed that the droplets have a surface charge and hence the 
electrical double layer could contribute to the formation and 
stability of microemulsion. They proposed that the phase 
continuity may be controlled by the surface charge at the oil/water 
interface. This is important from an electrostatic point of view, 
as the presence of charge on the polar group will cause mutual 
repulsion and hence the interface will develope a curvature such 
that the area in the polar group region will be greater than that 
at the terminal md of their hydrocarbon chains. Hence* disper-
sions will form O/W type microemulsions. In the absence of any 
surface charge however, the polar groups can be packed together 
138 
and hence the hydrocarbon chains can spread apart due to penetra-
tion of oil. molecules incto the interfacial flliDf leading to the 
formation of ^/O microeroulsions. 
of 
Ruckenstein and Chi have discussed the stability of 
micro^emulsions and the siae of droplets in stable microemulsion 
system using a thermodynamlcal approach* In order to determine 
^ich type of microemulsion is miore stable and to predict the , 
possible occurrence of phase inversion, the values of free energy 
change A^aj* ^^^ both types of microemulsion have to be con^ared 
at the same composition* The one having more negative values 
of <^G at that particular con^ositlon of the mixture will be 
favored. Phase inversion occurs at that volume fraction for which 
the values of A ( ^ for both kinds of microemulsion are the same. 
Shinoda and Friberg have summerized their extensive 
studies on the formation of mlcroemulslons using nonionic 
surfactants. They proposed the following conditions to produce 
microeiwilsions with minimum amount of surfactants 
(1) Microemulsions should be produced near or at the phase 
inversion temperature (PIT) or H13 tenperature for a given 
nonionic surfactants, since the solubilization of water 
(or oil) in a nonaqueous (or aqueous) solution of nonionic 
surfactant shows a maximum at this temperature. 
13 7 
(2) The mixing ratio of surfactants should be such that it 
produces an optimum HLB iralue for the mixture. 
(3) Closer the P 1 T of two surfactants^ the larger the solubi-
lization, hence the minimum amount of the nonlonic surfactant 
is required. 
(4) The larger the size of nonionlc surfactant, the larger the 
solubilization of oil and water. 
The phase behavior of water, oil and surfactant mixtures 
Is now a subject of considerable research, primarily because of 
the Importance to oil recovery but also because transparent or 
translucent phases containing quantities of both oil and water 
together with surfactant (mlcroemulslon) are of scientific 
Interest. The sin^lest phase behavior can be divided Into three 
distinct categories. Winsor types I and II systems are those for 
which, almost two equilibrium phases exist independent of the over 
all system*s coiJi^ Josltlon. When two phases coexist, a t-j^ e I system 
yields a raicroemulsion containing almost the entire surfactant 
Inventory in equilibrium with an excess oil phase* Type II systems 
are those for which the microemulslon phase is In equilibrium with 
an excess water phase* Type III systems are those for vi^ ich a 
third surfactant rich phase Is found to exist for same overall 
conposltlon and this third phase Is In equilibrium with both an 
excess oil and an excess water phase^. This type, often called 
a middle phase system Is of greatest Interest since It Is claimed 
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to be roost effective for oil re|;overy« Indeed ahoptlmura system 
is defined to be one for ?4iich the surfactant rich middle phase 
contains equal volumes of both oil and water. It has been shown 
that such systems are optimal or nearly optimal with respect to 
30»»39 
oil recovery . The condition under which the surfactant has 
equal affinity for oil and water were found to correspond to those 
which are type III • • Thus, factors which influence surfactant 
partitioning between oil and water also determine the surfactant 
phase behavior. The phase behavior of raicroemulsion system is one 
of the major factors determining the displacement efficiency of a 
surfactant flood. Microemulsion phase behavior is often described 
in terms of pseudocon5>onent, which are assumed to behave as single 
conponent phase. Pseudoconponent pairs are for examplei surfactant 
plus alcohol and salt{s) plus water. However the effects of alcohoJ 
(COsurfactant) on phase behavior have been recognised as being very 
35 
significant' • The effects of salt on phase behavior are also very 
pronouncedf although brine is frequently regarded as a single 
pseudoconponent ' . Recently it was shown that each conponent 
influences phase behavior, which means that phase behavior can not 
be fully described by assuming single phase pseudocomponents. 
In general, a microemulsion system contains water, 
hydrocarbon,surfactant, and a medium chain alcohol. Although 
there is now a good understanding of the. molecular and ionic 
Interactions and the structure and dynamics in simple water 
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auphiphiie systems, the corresponding* picture of microeniulslons 
is not yet well established . Fundamentally important questions 
conceits the possible structural organisation of the microemulsion 
into polar and nonpolar domains and the rigidity of the barriers 
between them* A direct approach to the elucidation of these 
matters is the determination of self diffusion coefficients of all 
the constituents of the microemulsion. The school of B« Lindman 
in Sweden is actively engaged in this area and has developed how 
self'^diffusion measurements on water and other Species can be used 
to Study the structuresof such systems * However, other effects 
are likely to be inportanti particularly in determining the self-
diffusion properties of water. These studies ' show that the 
interaction of surfactant head group and water greatly influences 
the transport of water in these solutions. Other commonly used 
techniques to obtain information on these systems have been 
42 43 
quesielatic light scattering measurement , radioactive tracers 
44 
and poiarographic technique • 
Recently a mechanism of microemulsion formation is 
45 developed , which shows that the process is controlled by a 
dynamic equilibrium in which the rate of self-emulsification from 
one or both of the liquid-liquid boundaries is equal to the rate 
of coalescence" within the microemulsion. The theory gives an 
understanding as to which of the liquid-liquid Interface is 
responsible for spontaneous eraulsification and also as to the 
llu 
nature of the internal phase* It predicts the dependence of the 
radii of droplets on their concentration in the microemuIsion and 
on the interfacial tension and temperature. The theory gives an 
estplanation of phase inversion in micro emulsion. 
The "YnotecuAcw* interaction in microemulsions are much 
influenced by the molecular structure of constituting conponents • 
The alkenes form HgO-continuous microemulsions at a considerably 
lower H2O content than the corresponding alkanes . It was shown 
that the transport properties and structure of microemulsions were 
48 
strongly affected by the nature of alcohol . It has been 
reported that the formation and various physicochemical and 
structural properties of microemulsions are influenced by the 
4Q-»51 52 
alkyl chain length of oil, alcohol and emulsifier ^ . Kojikano 
observed the morphological changes of microemulsion system upon 
dilution with water using fluorescence technique. Studies by 
53 photon correlation spectroscopy and small angle neutron scatterin* 
(SANS) have clearly indicated the existance of discrete water 
droplets dispersed in oil phase in water-in-oil microemulsion. 
vixs> 
Further,SANS study/used to show the dependence of structure of 
water droplet system on the hydrocarbon chain length of the oil 
55 
medium • 
Even since the introduction of microemulsion in 
industry and/the scientific world, they have received wide 
attention because of their applications in numerous fields of 
science and technology • Their potential utility in future lies 
• 57 58 
in tertiary oil recovery » pollution obatement and chemical 
50 5Q^ 
processing . It was shown by Fend|Ler that these multiphase 
dispersions are profitable for charge separation in artificial 
photosynthetic systems. 
The water-in-oil (W/0) type microemulsions are the 
focus of this investigation. Because this type of microemulsion 
provides a very useful system for the study of water near charged 
surfaces provided by the polar groups of the emulsifiers. In the 
present study> the formation and characterization of water-.in-oil 
(W/0) microemulsion systems conposed of ionic surfactant-v/ater-n-
alkanes (Cg^-C^)- and n-alkanols (C^-Cg) has been investigated. The 
influence of surfactant concentration on the formation of micro-
emulsion systems has been also studied. When the amount of oil 
or water was increasedt the microemulsion systems appearance 
changed from clear to bluish to turbid . These transitions were 
identified on the basis of both visual appearance and specific 
resistance measurement. In order to gain insite into the role of 
alcohol chain length and oil chain length on the thermodynamic 
stability of microemulsions, the standard free energy of transfer 
from the continuous phase to the interfacial region of the 
cosurfactant were determined. The critical "^^atei/^oil ^^c^ values 
at which raicro^nulsion remain stable were determined by viscosity 
measurement studies. 
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EXPERIMENTAL 
Materials and Methods 
Sodium dodecyl sulfate (SDS) was the same as described 
earlier • Hexadecyl trimethyl aramonium bromide (CTAB) was 
obtained from Sigma Chera. Co. and purified as previously 
61 described • All cosurfactants viz. n-butanol, n-hexanol, 
n-heptanol and n-octanol were obtained from BDH (99^) while 
n-^pentanol was an E. Merck product (purity >99'/). n-pentane was 
obtained from Ferak Berlin (purity >9^)f while n-hexane was a 
BDH product (purity >99j^ ) and n-heptane was Veb Berlin product 
(purity >99>i)« All the solvents ivere used as supplied. 
Ordinary distilled water was deraineralized first by 
passing through an ion exchange column. It was subsequently 
distilled twice in the presence of alkaline permangnate in an all 
glass quick-fit assembly. The conductivity of the resulting 
••ft f\ ••i 1 distilled water range 2x10 to 1x10 ohm cm** « 
Microemulsion System 
Microemulsions were produced by titrating the coarse 
emulsion of n-alkanes-water-surfactant with cosurfactant until 
the system became transparent, n-Alkanes were added in small 
amounts to this mixture turning the solution turbid. The turbid 
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mixture was agitated with a glass rod and titrated with cosurfac-
tant until the mixture was clear again. The addition of oil and 
further titrating with the cosurfactant was repeated until suffi-
cient data points were obtained* Two surfactants, SDS and CTAB, 
were enployed as emulsifiers. The effect of surfactant concentra-
tion on the properties of the microemulsions was studied by 
preparing microemulsions of varying amount of surfactant while 
keeping the volume of oil and water constant. The effect of water 
content^ alcohol and alkane chain length on the formation and 
stability of microemulsions was studied in a similar manner. The 
systems studied were all very stable and no phas« separation was 
observed and the electrical resistance and relative viscosities 
obtained for the microenwlsion system of a given composition did 
not show any variation with time. 
Electrical Resistance 
The electrical resistance of the microemulslon systems 
was measured by a Phillips model PR 95CX) conductivity meter, 
equiped with platinized electiodes (cell constant 0,698). This 
equipment could measure a resistance of the order of 10 oYm^X'/., 
Viscosity Determination 
The viscosity measurements were made by a modified 
Ostwald type viscometer. The time of fall of water was 173,5 
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seconds at 25 C, The re la t ive viscosity of the raicroemulsion was 
claculated from the relation 
n d t 
'o ^ ^0 . "^ 0 
\Vhere TJ p d^ and ii^ * dj^ are the viscosities and densi-
ties of double distilled water and microemulsion respectively* and 
t^ and t^ are the flow times for a constant volume of water 
and microemulsion respectively. 
The density of the solutions was measured by a dilato-
meter of approximately 5.5 ml capacity fitted with a graduated 
stem of least count 0,0025 ml# The graduation on the stem of the 
dilatometer was caliberated by using densitites of purified 
cyclohexane and water at various temperatures. The volume changes 
in cyclohexane and water during the caliberation of the dilatometer 
were recorded as a function of temperature* At a particular 
temperature# density of the solvent was calculated from the 
density-temperature equation 
d^ * [dg + 10-^ a(t-tg) ^ 10*^ p(t-t^)2 + 10-^ T(t-t^)^3 t 10-^ 
where a, p and Y are constants. 
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For cyclohexane (C^%2^ 
ds a p y Limit of error Range 
0.79707 «<0.8879 -0.972 +1.55 0^0003 0 to 65 
After calibicating the equipmentt a known amount of the 
solution (by weight) was transferred to the dilatometer and the 
volume changes were noted as a function of tenperature. The 
density of the solution has been calculated at any teu^jerature 
from the volume change. 
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RESULTS 
Molar ratio of alcohol to soap, n^/n„, was determined 
by a titration study carried out according to Bowcott and 
Schulman. Titration data for CTAB and SDS emulsifiers, oils and 
alcohols of varying chain length at different tenperatures are 
given in tables I-VI. The plots of molesof alcohol per mole of 
surfactant at various temperatures are shown in figures 1-12. 
The electrical resistance dependence on water/oil ratio of the 
above mentioned microemulsion systems containing fix amount of 
oil and surfactant are given in tables VII-XII and the plots of 
specific resistance versus water/oil ratio are shown in figures 
13-15. The viscosity data of micr©emulsions composed of different 
fixed amounteof CTAB, water, oils (fix), pentanol and different 
fixed amountsof SDS, water, oils (fix), pentanol are tabulated in 
table XIII and XIV, respectively. Figures 16*18 show the 
viscosity versus water/oil ratio plots with different amounts of 
surfactants for these systems. 
The intercepts, I, of straight lines, which represent 
the molar ratio of alcohol to surfactant at the interface, were 
obtained from figures 1-12 and their slopes, K, gave the number 
of moles of alcohol per mole of oil, nVh_# in the continuous 
a O 
phase, which also represents the solubility of alcohol in the 
14 7 
dispersion medium* From the data the free energy per mole for 
the absorption of alcohol into the interfacial phase from the 
continuous phase was calculated using the formula 
AG» = -RT I„ Xi/X° 
a' a 
.0 „. .^  jiML 
or AG^ »-BT In -,,^ ,. 
Where T is the experimental temperature* The inter-
cepts, slopes and A Gg are tabulated in table XV for SDS,and 
table XVI for CTAB^with several oil«»alcohol combinations. 
The critical water/oil ratio, when the microeraulsion 
remains stable, have been calculated from the sharp inflexion 
points in the viscosity versus ^U,Q.*QJJ%±I plots for different 
oils-surfactant combinations. These values are given in 
table XVII. 
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Table VII.- Effect of water on the specific resistance of micro-
emulsions composed of 1 g CTAB (Fix)-water-n-alcohols-
20 ml of n-pentane (Fix) at 25°. 
— n — ratio 
oil 
0.32 
0,48 
0.63 
0,79 
1 
0.92 
0.95 
1.11 
1.27 
1.59 
1.91 
2.23 
n-butanol 
0.233x10"^  
Oo 129x10^ " 
00 062x10"^  
OoOsexio"^ 
-
0.498x10^ 
-
0.371x10^ 
0.329x10^ 
0o231xl0^ 
0,205x10^ 
Speci fie resistance, 
n-pentanol 
0.412x10^ 
0.250x10^ 
0,687x10^ 
0.578x10^ 
-
0.578x10^ 
-
0.517x10^ 
0<,421xl0^ 
Oo 353x10^ 
. 
ohms 
n-hexanoi 
1.022x10^ 
1.170x10^ 
lo362x10^ 
Io313xl0^ 
lo221x10^ 
1.143x10^ 
0.681x10^ 
* 
n? 
Table VIII.- Effect of water on the specific resistance of micro-
emulsions composed of 1 g CTAB (Fix)-water-n-alcohols-
20 ml of n-hexane (Fix) at 25°. 
Water 
^•1 ratio 
oil 
0.36 
0.53 
0.71 
0.89 • 
1.07 
1.25 
1.43 
1,78 
n-butanol 
0.317x10"^  
0.143x10"^  
0.087x10"^  
0.070x10^ 
OoOSSxlo"^ 
-
0.502x10^ 
Oo465xl0^ 
Specific resistance, ohms 
n-pentanol 
. Oo308x10^ 
0.532x10^ 
0.498x10^ 
0.614x10^ 
Oo548x10^ 
-
0.471x10^ 
Oo374x10^ 
n-hexanol 
lo167x10^ 
1»070x10^ 
lo 064x10^ 
1.064x10^ 
1.058x10^ 
lo064x10^ 
lo070x10^ 
^ 
1S8 
Table IX,- Effect of water on the specific resistance of micro-
emulsions composed of 1 g CTAB {Fix)-n-alcohols-water-
20 ml of n-heptane (Fix) at 25°, 
Water 
—. .,' ratio Oil ^^^^"^ 
0.41 
0.61 
0.82 
lo02 
1.23 
1.43 
1.64 
1.84 
2.04 
2.25 
n-butanol 
• 
0,326x10"^ 
0.292x10"^ 
0.235x10^^ 
0ol56xl0'^ 
-
0,102x10^^ 
0.092x10^^ 
0.094x10"^ 
-
--. 
Specific resistance, 
n-pentanol 
0,415x10^ 
0.191x10^ 
Oo101x10^ 
Oo088x10^ 
0.097x10^ 
0,100x10^ 
0,082x10^ 
-
0.591x10^ 
Oo414x10^ 
ohras 
n-hexanol 
Oo082x10^ 
10^125x10^ 
1.216x10^ 
1.234x10^ 
lo234x10^ 
lo'125xl0^ 
0.942x10^ 
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Table Xo- Effect of water on the specific resistance of micro-
emulsion composed of 1 g SDS (Fix)-water-n-alcohols-
20 ml n-pentane (Fix) at 25°o 
Water 
oil 
0.32 
0,48 
0.63 
0,79 
Oo95 
1.11 
1,27 
1.43 
1,59 
1.'91 
2.23 
ratio 
' 
n-butanol 
00495x10"^ 
0,113x10'^  
0.069x10"^  
0.571x10^ 
0.426x10^ 
0.367x10^ 
0.331x10^ 
0.292x10^ 
0.269x10^ 
0.275x10^ 
0.419x10^ 
Specific resistance, ohm 
n-pentanol 
0.529x10^ 
0.329x10^ 
0.188x10^. 
0.143x10^ 
0.131x10^ 
0.122x10^ 
0.082x10^ 
-
0o-241xl0^ 
0.244x10^ 
0,080x10"^  
n-hexanol 
0.672x10^ 
0,620x10^ 
0,535x10^ 
0.453x10^ 
0.365x10^ 
-
0.194x10^ 
-
Go 149x10^ 
1/u 
Table XI.- Effect of water on the specific resistance of micro-
emulsions composed of 1 g SDS (Fix)-water-n-alcohols-
20 ml n~hexane (Fix) at 25°. 
Water _ ^ ,. 
oil ^^^^° W JL J. 
0.36 
0.53 
0.71 
0.89 
1.07 
1.25 
1.43 
1.61 
1.78 
2,14 
2.32 
n-butanol 
00363x10"^ 
OclOlxlo'^ 
0.097x10"^  
0.080x10'^  
0.079x10'^  
0,066x10"^  
0.064x10^ 
0.062x10^ ^ 
0.059x10^ 
0.066x10^ 
Specific resistance, ohm 
n-pentanol 
0.209x10^ 
Oo177x10^ 
Oo125x10^ 
0.386x10"^  
0.382x10'* 
0.377x10"* 
0.438x10^ 
Oo 457x10^ 
, 
n-hexanol 
Oo 742x10^ 
Oo 620x10^ 
0.517x10^ 
0.413x10^ 
0.289x10^ 
0.153x10^ 
-
-
Oo125x10^ 
Oo 131x10^ 
Oo134x10^ 
17i 
Table XIIo- Effect of water on the specific resistance of micro-
emulsions composed of 1 g SDS (Fix)-water-n-alcohol-
20 ml n-heptane (Fix) at 25°. 
Water __^.. 
—;-r ""' ratio 
oil 
0.41 
0.61 
0.82 
1.02 
1.23 
1.43 
1.64 
2.05 
2.25 
2.45 
n-butanol 
0.298x10^ ^ 
0.173x10^ 
0,129x10^ 
0.127x10"^  
0.100x10^ 
0.099x10^ ^ 
0.089x10^ 
0.089x10"^  
0.089x10^ 
0,109x10^ 
Specific resistance, ohm 
n-pentanol 
0o416xl0^ 
0.219x10^ 
OoWlxlo'^ 
0.404x10^ 
0.368x10^ 
Oo320x10^ 
0,'293xl0^  
n-hexanol 
Oo790x10^ 
0.669x10^ 
0o559xl0^ 
0.413x10^ 
0.264x10^ 
-
Oo 149x10^ 
Oo115x10^ 
-
0.100x10^ 
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Table XIII.- Effect of water on the viscosity ("n) of raicro-
emulsions composed of CTAB-n-pentanol-water-20 ml 
oil (Fix) at 25°. 
Water ^ ^-^ 
—TT:— ratio 
oil 
O0I6 
Oo22 
0o32 
0.47 
0.56 
0<.79 
1.11 
1.67 
0.18 
0o24 
0.35 
0.53 
0.60 
0.89 
1.24 
0.20 
0.26 
0,41 
0.61 
0.71 
O08I 
0.89 
1,02 
1.20 
1.42 
1 g CTAB 
-
Oo637 
0.688 
-
I0O34 
lo419 
lo444 
1.581 
-
0.659 
Oo700 
-
0,923 
I06O6 
1,775 
-
0o824 
0.923 
-
1,353 
-
-
2.103 
2.228 
r] (G. p 
1.5 g 
loise) 
CTAB 
n-pentane 
0.637 
-
Oo696 
0.814 
-
1,631 
2.268 
n-hexane 
0,677 
-
0.751 
0.867 
-
1.847 
2.699 
n-heptane 
0,986 
~ 
1.143 
1,540 
-
-
-
2,379 
-
3,148 
2.0 g CTAB 
0,832 
-
0,913 
1.183 
-
1.806 
2.461 
0,912 
-
1.108 
1.395 
-
2.197 
3.395 
* 
1.088 
-
1,316 
~ 
-
1.868 
--
2,492 
— 
4.062 
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Table XIV.- Effect of water on the viscosity (T)) of the micro-
emulsions composed of SDS-water-n-pentanol-20 ml oil 
(Fix) at 25°. 
Water 
oil ^^^^° 
O0I6 
0.31 
0.47 
0.79 
1.11 
0.18 
0.35 
Oo53 
0.71 
0.89 
1.26 
0.20 
0.41 
0.61 
1.02 
1.42 
1 g SDS 
0.533 
0.594 
0.618 
1.001 
1.485 
0.6031 
0.682 
1.164 
1.243 
1.332 
• " 
0.659 
0.818 
1.210 
lo638 
2o342 
r) (C. poise) 
2 g SDS 
n-pentane 
Oo638 
0.677 
0.825 
1.425 
1.866 
n-hexane 
0.762 
0.855 
1.063 
-
1,502 
2o092 
n-heptane 
I0OI6 
I0IO8 
lo387 
1.969 
2.494 
3 g SDS 
0.716 
0.854 
1.104 
1.702 
2.420 
1.003 
1.111 
lo296 
-
2.010 
2.927 
I0I22 
lo323 
1.719 
2.264 
3.287 
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DISCUSSION 
The values of xj, X^, I and K calculated from tables 
I-VI, figures 1-12 and the values of standard free energy of 
transfer, AG^, of alcohol from the continuous phase to the 
interfacial region, calculated at different tenperatures, using 
the relation 
^al = -RT in 4(tif 
•s "* — K 
are tabulated in table XV for SDS>and table XVI for CTAB. From 
these results it is clear that on increasing the chain length of 
alcohols from C^-Cg in the n-alkane systems, the values of slopes, 
K, decreased while that of intercepts, I, increased. However, 
when SDS was used as an emulsifier and n-heptanol and n-octanol 
as COsurfactants, microemulsions could not be formed. 
* 
The effect of temperature on the microemulsion systems 
is of interest. The results presented in tables XV and XVI show 
that when the temperature was increased, there is hardly any 
change in the value of K, while the I decrease considerably. The 
constancy in slope with tenperature indicates that the solubility 
of alcohol in the oil phase does not alter in this temperature 
range. This is further substantiated from the constancy in the 
values of X? at different temperatures (table XV-XVI). The 
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decreased values of I with tenperature suggest that there is an 
appreciable decrease in the nuiriber of moles of alcohol per mole 
of surfactant at the interface in all the three alkanes. This is 
further reflected in the values of X^ which also decrease 
a 
with increase in tenperature, 
The results in tables XV and XVI show that the mole 
i fraction, X^ of alcohol at the interface increases with the chain 
length of alcohol when SDS is used as an emulsifier. The inter-
cepts of figures 1-12 also increased when the chain length of 
alcohol is increased. This effect may be either due to low 
solubility of higher alcohols in the oil phase^as reflected in 
the values of X^ or due to preferential partitioning of higher 
alcohols at the interface, as reflected in the values of I and 
X* both as a result of their higher compatibility effect . 
However, when CTAB was used as an emulsifier no definite 
relationship between the values of I and alcohol chain length was 
observed. This is due to the fact that the nature and properties 
of microemulsion produced by using CTAB as an emulsifier greatly 
depend upon the nature of alcohol and oil ' • 
A plausible explaination to the fact that the solubility 
of alcohol in the continuous phase remains unaltered, and the 
number of moles of alcohol per mole of surfactant decrease with 
tenperature, could be that at higher temperature more alcohol 
ISS 
molecules In presence of surfactant axe transferred into the 
aqueous pool. The amount of alcohol transferred from the inter-
face into the water phase also depends upon the nature of alcohol, 
oil and the emulsifier. 
More negative values of standard free energy of transfer 
of alcohol from the continuous oil phase to the interfacial region 
(tables XV and XVI) suggest that the association between emulslfier 
40 
and cosurfactant increases • with increase in the chain length of 
n-alcohols in all the oils and surfactants studied. From the 
decrease in the values of ^^G^ with increase in ten^jerature, it 
could be concluded that the process of transfer of alcohol from 
the continuous phase is an endothermic one. 
In discussing the role of n-alkanes in the formation of 
microemulsions, it is observed that when SDS is used as an 
emulsifier the values of AGg become less negative as we proceed 
from pentane to heptane. This indicates that the association 
between emulsifier and cosurfactant becomes less favoured when 
the chain length of alkane is increased. On the other hand when 
CTAB is used as an emulsifier, the mechanism of emulsion formation 
greatly depends upon the nature of oil and cosurfactant » . A 
perusal of table XVI shows when butanol is used as a cosurfactant, 
AG? become more negative for hexane than pentane and heptane at 
all temperatures. This indicates that CTAB serves as the best 
emulsifier for these oils , More negative values of A G ° for oils 
ISd 
pentane and hexane than heptane with butanol as cosurfactant 
suggest that this alcohol is the best cosurfactant for emulsifying 
these oils. Comparably more negative values of A G Z for pentane, 
hexane and heptane with higher alcohols, viz» hexanol, heptanol 
and octanol containing microemulsions suggest that these alcohols 
are suitable cosurfactant for these emulsions. 
Figures 13~15 show the effect of water/oil ratio on the 
specific resistance of microemulsion systems prepared by using 
different oils and alcohols. From different transitions in these 
figures and also from visual appearance of microemulsion systems, 
it has been observed that when the amount of water is increased, 
all systems pass through clear to bluish to turbid regions* The 
bluish region is found to exhibit birefringence. After birefrin-
gence, the dispersion becomes- opaque, milky and non-43irefringent. 
The specific resistance of the microemulsion systems containing 
CTAB and SDS as emulsiflers, various oils,and alcohols, drops in 
bluish region. In the turbid region the specific resistance 
remains constant or Increases slightly depending on the nature of 
the cosponents of the system. The drop in specific resistance in 
the bluish region is probably due to formation of various transi-
tions in the water structures > 9» 3* , 
The critical %ater/"oll ^^*^®» ^c values at which the 
microemulsion remains stable have been obtained from relative 
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viscosity (n) versus \atea/"oil P^°*^* Figures 16-18 shows the 
changes in i] as a function of water concentration added to the 
microemulsion at fixed amounts of n-alkanes (CR-C,) and the 
surfactant, V^ values for 1, 1.5 and 2 g of CTAB, and 1» 2 and 
3 g of SDS, corresponding to %ater^'^'oil ^^ ''^ i*'® ^^ which sharp 
changesin viscosities occur have been determined from figures 
16»18. These values corresponding to various amounts of 
surfactantsin pentane, hexane and heptane with n-pentanol as 
cosurfactant are given in table XVII. Subsequent plots of these 
V_. values versus gram surfactant per 20 ml of oil resulted in 
straight lines (fig. 19). The number of moles of water per mole 
of surfactant at the critical ratio, where the microemulsion is 
about to break, have been calculated from the slopes of these 
plots. For both surfactants, different values of ^QJ-QJJ 
^surfactant ^^'^^ *^^ ^ ^ ^ ^^ ^^^ n-alkanes and 0.07 for SDS in 
all n-alkanes) indicate that microemulsion with cationic and 
anionic emulsifiers would accoraraodate an unequal amount of water 
upto the critical ratio. 
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